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Abstract 
The wetlands of the Mekong Delta (MD) have contributed prominently to economic development in 
Vietnam, especially to agricultural and fisheries development. Unfortunately, the design of wetland 
utilization has traditionally been considered from an economic rather than ecological perspective, and 
wetlands utilization has suffered from a lack of scientific guidance. Many wetlands have been lost 
because their full value to society was not taken into account.  Furthermore, the status of the delta’s 
biodiversity is both poorly known and poorly documented.  Decades of over-exploitation of the 
wetland ecosystems have had detrimental effects on the environment. The maintenance of the 
important economic functions of the MD is dependent on maintaining the wetlands’ ecosystem 
functions. 
This thesis addresses several gaps in the broader wetland conservation literature by focusing on the 
research problem “How can the drivers of land use change in the study area be better managed to lead 
to more sustainable outcomes?” Using Systems Thinking in combination with Bayesian Belief 
Networks modelling methods, and a case study of the Phu My Lepironia grassland biodiversity 
conservation in Kien Giang, Vietnam, this thesis examines how successful community-based 
wetlands conservation can be achieved in the Mekong Delta. The study is comprised of the following 
components: (1) a review of  the history of the drivers of wetlands degradation in the MD in order to 
better understand the transformation of the delta’s wetlands in different periods, and an analyses of 
the driving forces of wetland loss and the underlying causes that derive from the differing policies of 
political regimes; (2) a study of various factors that influence wetlands grassland degradation and the 
likely consequences of conservation of the wetlands for carbon stocks; and (3) an analysis of  the 
factors affecting how local communities’ decide to make changes in their land use practices, and 
policy interventions that lead to the enhancement  of livelihoods and improved sustainability 
of  wetland grassland conservation in the study area.  
The drivers that have contributed to wetland loss and degradation in the Mekong Delta over the course 
of 200 years can be divided into five periods. The drivers of wetland losses have included: (1) 
resettlement and economic development policies; (2) population growth and urbanization; (3) demand 
for food and reclamation of wetlands for agriculture, construction of canals and construction of dikes 
for flood protection systems; (4) expansion of travel systems (waterways and roads); and (5) 
exploitation of wetlands natural resources. As a result of these factors, only 0.068 million ha of the 
original 4.0 million ha of the MD currently remain as a primary swamp forest ecosystem. 
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The analysis presented in this thesis estimates the value of CO2 sequestered by different Mekong 
Delta wetland ecosystems (mangroves, Melaleuca swamps and wetland grasslands) to be 
between 5.53 Mt CO2e for grasslands ecosystem to 37.49 Mt CO2e for mangrove ecosystems. The 
effective conservation of protected wetlands in the Mekong Delta could potentially contribute to a 
large volume of avoided greenhouse gas emissions, ranging from 5.53 Mt CO2e for grassland 
ecosystems to 37.49 Mt CO2e for mangrove ecosystems. 
A detailed analysis of the complexity and interactions of the socio-ecological factors that drove the 
degradation of the wetland grasslands in the case study area revealed that ensuring food security and 
improving income are the key endogenous drivers of wetland degradation. Over-exploitation of 
wetland resources (harvesting Lepironia grass for making traditional mats) and inappropriate rice 
cultivation practices are accelerating wetland conversion and degradation. The conflict and unclear 
land tenure, coupled with a desire for higher incomes, has driven the community to convert and 
reclaim large parts of the wetlands.  This process is also driven exogenously by wetlands access and 
fluctuating commodity prices, which in-turn results in the transition from traditional to extensive 
cropping systems, along with the conversion of protected wetlands in cultivated land.  The case 
analysis also showed that improper land management by local communities in the form of burning 
vegetative residues, is the most important endogenous driver of land degradation in the case study 
areas. 
All the endogenous drivers have feedback implications relating to the capacity of the wetland 
grassland ecosystems to support community livelihood activities. This thesis presents a Bayesian 
Belief Network to examine the interactions between the key components of the wetland protection 
area and local community livelihood activities. It also identifies key leverage points for interventions 
and explores potential impacts of possible policy interventions. Overall, a better understanding of the 
complex social-ecological factors affecting land-cover change and land use in the MD is provided. 
The thesis also presents an assessment framework for evaluating the likelihood of success of the 
different wetland grassland conservation interventions. The findings are also relevant to other wetland 
areas in Vietnam, and contributes to the growing body of literature on conservation management by 
increasing the understanding of the affecting factors, as well as providing an important information 
for the future sustainable management of wetlands, particularly with regards to the future potential 
impacts of climate change and the rise in sea level.  
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Chapter 1. Introduction 
 Background 
Wetlands provide many important services to human society. Despite many conservation and 
restoration successes from recent efforts at local to national and global scales, wetlands are 
ecologically sensitive to environmental change and under severe pressures. Wetlands provide humans 
directly and indirectly with a range of goods and services. Despite being amongst the most productive 
ecosystems, the global area of wetlands has been decreasing as a result of conversion for agriculture, 
forestry and urbanization, and industries related to extraction of peat and timber for fuel. Although a 
comprehensive assessment of the world’s remaining wetlands condition has yet to be scientifically 
documented, locally and regionally they are recognised as having deteriorated in status and have been 
degraded, especially in developing countries (Millennium Ecosystem Assessment, 2005; Russi et al., 
2013; Turner et al., 2000). The world’s remaining wetland areas are being protected under the Ramsar 
Convention1.  
Wetlands are immensely important for the majority of the population of Vietnam, since they provide 
many potential benefits and immeasurable social, economic, cultural and environmental values, 
including freshwater supplies, climate regulation, fisheries, forestry, water transportation and 
tourism, despite their principle function of biodiversity maintenance. Historically, the wetlands in the 
Mekong Delta (MD) have long been used by people. Most of the typical delta’s coastal mangrove, 
fresh water forests (Melaleuca cajuputi) and seasonally inundated grasslands, have been reclaimed 
and converted to farmland, chiefly rice paddies and aquaculture.  The rapid economic growth in the 
1980s during DoiMoi (economic reform), has raised an array of environmental issues, especially in 
the MD of Vietnam.  There has been an exponential increase in wetland reclamation and conversion 
to cultivated land, in combination with intensive, often unsustainable, use of the relatively small 
wetland areas which remain in Vietnam. Mangrove forests, a typical wetland plant, have provided an 
effective and efficient shore protection and storm attenuation. However, the privatisation of coastal 
lands has resulted in vast areas of coastal mangrove being destroyed for aquaculture use, with an 
estimated loss of 5,000 ha of mangroves per year in Kien Giang between 1983 and 1995 (Hirsch and 
                                                 
1 A brief history of the Ramsar Convention. http://www.ramsar.org/cda/en/ramsar-about-history/main/ramsar/1-36-
62_4000_0__ 
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Cheong, 1996; Joffre and Schmitt, 2010). In total, it was estimated that 60,000 ha of mangrove forest 
area in the MD was cut off in the same period in MD (Hong and San, 1993). This results in an increase 
in shoreline erosion, and the loss of cultivated land from increased salinization, which particularly 
affects the poor people living in rural areas, who are particularly vulnerable to the external shocks. 
Similarly, incessant socio-economic growth associated with extensive land-use changes with the 
“boom” of investment from the government on irrigation in MD for intensive and expansive 
agricultural and aquaculture in the 1990s, has resulted in increased demand for land and increased 
pressure to convert the  natural protective ecosystems to areas of agricultural production (Kuenzer 
and Renaud, 2012). Most of the natural wetland Melaleuca forests and inundated grasslands have 
been drained and converted to agricultural production and urbanization land, as a result of the 
pressures from rapid population growth (Miller et al., 1999; Minh, 2001). This rapid expansion has 
had detrimental effects on the environment and the adverse environmental effects continue to be 
exacerbated by the increasing frequency of natural disasters and the projected long-term impact of 
climate change, including increases in storms and a rise in sea-level  (Can et al., 2007; Carew-Reid, 
2008; Dasgupta et al., 2009; Safford et al., 2009).  Recent finding show that the MD is one of many 
deltas that are sinking globally as a result of  anthropogenic activities (Syvitski et al., 2009) and that 
this is contributing  to an acceleration of  the wetlands decline in the MD of Vietnam.  
 Rationale 
“The wetlands of the Mekong Delta were once extensive and 
varied. Today much of the Delta has lost its natural habitat, although 
remnants of the once extensive peat swamp forests, freshwater forests 
and flooded grasslands, are still present in these wetlands. As the MD 
wetlands are the representative of the last significant habitats for 
distinctive plant communities, threatened bird communities and other 
significant animals, conservation efforts are now regarded as being 
highly critical and an urgent priority.”  (Baltzer et al., 2001) 
Vietnam has a great diversity of wetlands which provide a wide range of resources, biodiversity, 
functions, and important social, economic and cultural values. The first effort in creating an inventory 
of wetlands in Vietnam was conducted by Le Dien Duc in  1989, who recorded approximately 5.81 
million ha of wetlands, accounting for about 8% of the whole of Asian wetlands, within  which the 
freshwater wetlands account for about 10% (Duc, 1989). However, after 15 years of Ramsar 
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Convention Implementation in Vietnam, the wetlands areas were reported to total more than 10 
million ha (Vietnam-EPA, 2005). 
On the other hand, unsustainable economic development goals, global demands, poverty and 
shortcomings of the current institutional arrangements, are causing many  changes in the wetland 
management of the delta, reflecting an  expansion and intensification of agriculture and aquaculture 
(Torell and Salamanca, 2003). The analysis of agricultural growth during the DoiMoi (economic 
reform) era of the 1990s has revealed an array of disquieting trends and issues that need to be 
addressed.  Lansdown (2012) pointed out that much of the recent development within the MD has 
been carried out with little or no regard to potential impacts on the natural wetlands of the delta, and 
few intact areas now remain. The loss of wetland has also been associated with rapid population 
growth, overexploitation and unsustainable management practices, which has led to the depletion of 
wetland resources and the degradation of the wetland environment, which have negatively affected 
the livelihoods of local communities (Trinh et al., 2003).  
The freshwater wetland ecosystems that are affected by permanent or temporary inundation play vital 
roles in the lives of local people and the socio-economic development of the delta. Despite  these 
values, the wetlands were previously referred to  as “wasteland” and became a target  for land 
conversion and reclamation for production or other  purposes (Buckton et al., 1999; Triet, 2010). 
With  regards to  land governance, the wetlands are publicly owned or common property and this 
concept was reinforced by National Land Law (1993 and 2003) (Trinh et al., 2003). Accordingly, the 
wetlands were virtually omitted from the national list of land categories but were included in other 
land use categories such as  “paddy land”, “salt”, “land aquaculture”, “special-use forests as national 
parks and protected areas of natural wetland”, “land rivers, canals, streams and water surface”, 
depending on the current use (Nang, 2003; Thang and Duc, 2006). 
Wetlands are often perceived to have little or no value when compared to other potential uses of the 
lands that may produce immediate economic benefits. Over recent decades, exploitation activities of 
wetland ecosystems in the region have overwhelmingly occurred, resulting in negative consequences 
for these ecosystems. The protection of the wetlands, however, reserves numerous goods and services 
that have economic value, not only to the local communities dependent on wetland resources, but also 
to people outside these wetland areas.  
One important trend is that the wetlands in Vietnam have been resettlement areas for communities 
for generations, which has helped to form their typical cultural values and farming traditions. As a 
result, wetland management cannot be separated on a sectoral basis, nor can it be separated from 
community development. Despite government agency efforts, wetland management remains a serious 
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problem due to the dilemma for natural resources management which stems from the increasing 
trade-offs between the need for economic growth and protecting the environment. This is particularly 
pertinent given that sustainable management of the wetlands is critical to maintain their high 
biological productivity in support of the vibrant agricultural and aquaculture industries, which have 
been addressed as a national priority. However, no single agency has a mandate and/or authority to 
manage the nation’s wetlands (Mather, 2009; 2010; Nang, 2003; Thang and Duc, 2006). Access to 
the wetlands used to be open to local communities and the private sectors in the country. Though, 
some areas have recently come under official protection, the majority are not. In addition, the lack of 
information on the wetlands classification and wetland ecosystems has led to poor wetland 
documentation nationally. Furthermore, the perplexity in understanding the Ramsar Convention’s 
definition of wetlands, along with the broad and unclear national boundaries, most wetland 
ecosystems are categorized as having been severely altered (e.g. being converted from flooded forests 
to rice paddies), rather than being lost. Wetlands are considered to be lost only when their ecosystems 
cannot be restored naturally. In many cases, the losses or changes in the wetlands ecosystems are 
presented in terms of lost production. Permitting the remaining wetlands be converted to other uses 
or letting them degrade means a further decline in their value to humans. This is true for  the wetlands 
in the MD of Vietnam, where the local communities regard the  wetlands as their sources of livelihood 
sustainability, whilst the government agencies consider wetlands management in terms of a legal 
framework for protection and sustainable development (Trinh et al., 2003). In addition, the 
unsustainable practices that are being driven by a complex web of historical, social and economic 
processes, need to be more fully understood and considered in any policy intervention and wetland 
management project. It is a prejudicial bias to wetland management if the focus is chiefly on the 
wetlands.  There is a need for broader consideration, both of the biodiversity and social-economic 
impacts on local communities who heavily rely on existing natural resources for their livelihoods 
(Can et al., 2007; Do and Bennett, 2006; Miller et al., 1999; Torell and Salamanca, 2003). Despite 
the recent extensive national initiatives which have focused on the evaluation of wetland resources 
and saving the wetland systems, the management outcomes have been limited. Therefore, in order to 
stop the decline in the wetland area and ecosystems, there is a need for cooperation among a wide 
range of stakeholders, from local to national levels, in a holistic management approach for the 
wetlands. 
It is noteworthy that many recent initiatives focused on the preservation of the MD wetlands have 
involved both private and research activities being considered as drivers of wetland loss and 
degradation. Although a variety of anthropogenic activities have altered the structure and function of 
the wetlands and riparian ecosystems, in this thesis, the historical drivers of wetland loss and 
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degradation in MD are first reviewed and described in the context of anthropogenic changes that may 
have impacted on the wetland ecological systems. Also, most stresses affecting wetlands’ ecosystems 
and degradation do not occur in isolation but in combination. The current study therefore explores 
the causal relationships that have driven the wetland losses in the study area. The activities and 
livelihoods of the poor people and those who live around the wetland area are normally acquired from 
ecosystem services. The wetlands are also an important source of cash incomes, especially in 
emergencies. It therefore remains an immense challenge to balance the intrinsic needs of ecological 
and socioeconomic systems, as the latter involve human activities which serve as the main drivers of 
ecosystem degradation. However, different wetland ecosystems have their own distinct functions, 
values, and spatially dynamic changes that require involvement of a multidisciplinary and holistic 
approach to address the overarching problems, with the goal of seeking intervention polices that meet 
the trade-off between better management and development and the sustainability of the livelihoods 
of local communities. 
The history of wetland management has been reviewed in McInnes’ works with the early programme 
in 1902 (McInnes, 2011). Any method has its own advantages and disadvantages that need to work 
out in filling the gaps. Traditionally, ecosystem is restricted to biological and physical systems 
(Grumbine, 1990), thus the tradition of resources management and of dealing with environmental 
problems is characterized by a command and control approach (Pahl-Wostl, 2007). The increasing 
awareness for the broader concept of ecosystem and the complexity of environmental problems has, 
however, triggered a shift to a new paradigm of approaches (Grumbine, 1990; Pahl-Wostl, 2007). 
The awareness of the importance of spatial and temporal scales was noticed by de Groot et al. (2002); 
Millennium Ecosystem Assessment (2003a) as the importance for the analysis and valuation of 
ecosystem services in large scale. In a following study, de Groot et al. (2006) postulated that 
constrains in ecosystem services valuation and management requires different modelling paradigms 
which could incorporate the drivers and the complex ecosystem dynamics that spatially and 
temporarily present over ecosystem. In combination with the growing arguments over the robust and 
sustainable management necessitate more integrated policy and wider social and economic context, 
in which the benefits are directed to human-being. A Convention on Biological Diversity’s Ecosystem 
Approach is, therefore, introduced by Haines-Young and Potschin (2010) which represents a major 
shift in emphasis away from tradition to the complex and dynamic interactions that occur at spatial 
and temporal scales within an ecosystem (Wrona and Cash, 1996). Contrasting to traditional resource 
management, where quality and maximum outputs are prioritized, the holistic ecosystem approach 
peruses the combination of both structural and functional conservation of ecosystems to satisfy the 
social needs and human benefits from sustainable use ecosystem services (Hartje et al., 2003). 
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The review of ecosystem indicated that the involvement in a diverse and encompass a broad range of 
scientific and social disciplines. Today wetland managers are encountering challenges that not only 
considering science such as ecology, geology, and engineering, but also, the aesthetic, socio-political, 
and economic aspects of the science (LePage, 2011). Against this situation, the management task 
must have a broader view and comprehensive approach to the complex and uncertain wetland 
ecosystems.  
The world is still witting an unprecedented rate of wetland loss. However, the science entering the 
evolution of the discipline where the emphasis is moving from a more prescribed or process driven 
approach, to one that is much more flexible and adaptive to society’s changing conditions and needs 
(LePage, 2011). Furthermore, spatial and temporal changes are of ecosystem characteristics, albeit, 
the problems once happen they relate to the complexity and a wide range dimensions of reaction. 
These are the situation in which existing an array of difference in the ecosystem concept and problem 
addressing, cannot be tackled by a single discipline. Obviously, the advent of scientific knowledge 
allowed a theoretical basis for a holistic ecosystem management approach with detailed insight into 
all problems before solving. Multidisciplinary approaches are a pathfinder to bridge gaps in 
traditional problem solving for wetland management that make from disciplinary specialization. 
Particularly, in some case, bridging all disciplinary is not necessary. Multidisciplinary approaches 
therefore typically focus on one particularly relevant area (Janssen and Goldsworthy, 1996; Pahl-
Wostl, 2007). This concept, arguably, has been developed further and demonstrated as an adaptive 
management in securing sustainable use and protection of wetlands. 
 Research problem and questions 
The foremost conversions of the wetlands had the priority of provisioning services, notably food 
production, at the expense of losing or reducing delivery of regulatory and/or supporting services 
from the MD wetlands. Rural livelihoods in the delta are essentially wetland livelihoods, based 
around the cultivation of rice, a wetland crop (agriculture, aquaculture crops and forest crops), and 
the harvesting of a range of aquatic resources, (aquatic vegetation, deciduous woody plants, 
invertebrates and vertebrates) including fish, crustaceans, amphibians and insects. However, these 
livelihood activities have been the most significant threats to environmental degradation and habitat 
loss. Against this background in MD and the Ha Tien Plain (HTP), the current research aims to 
address the rationale outlined above. In particular, this thesis seeks to fill a number of key literature 
gaps by answering the research questions below: 
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Research problem: How can the drivers of land use change in the study area be better managed to 
lead to more sustainable outcomes?   
To achieve the above research aim, this study has addressed three questions. The first question relates 
to the factors responsible for wetlands degradation. According to the MA (Millennium Ecosystem 
Assessment, 2003b, p. 15), a “driver” is any factor that changes an aspect of an ecosystem. In another 
word, driver is any natural or human-induced factor that directly or indirectly causes a change in an 
ecosystem. The primary indirect drivers of degradation and loss of inland wetlands have been 
population growth and increasing economic development. The primary direct drivers of degradation 
and loss include infrastructure development, land conversion, water withdrawal, pollution, 
overharvesting and overexploitation, and the introduction of invasive alien species. Whereas, the 
factors of wetland loss and degradation were classified as: transport; settlements; permanent 
cultivation; land conversion; harvesting of wetland products for domestic and commercial use; water 
withdrawals; abrupt policy shifts; war; population growth; urbanization; migration and distribution; 
changing land distribution and wealth; wetland-use conflicts; traditional livelihood strategy; growing 
demand for individual wetland products/ecosystems products; emergence of new economic 
sectors/livelihoods; wetland management policy; mismanagement; property rights; conservation 
policies; relative wealth and ecosystems asset value and availability; land availability; transboundary 
ecosystems factors; regional governance; irrigation development; technology for land use 
developments; etc. (Millennium Ecosystem Assessment, 2005). The whole MD basin is characterized 
as a riverine wetland area manipulated by the Bassac and Mekong Rivers, both of which originated 
from Mekong River. Traditionally, the people of the MD have a long history adapting with different 
water and flooding regimes including inundation and submergence conditions. Recently, the shifting 
has changed from “living with flooding” to ‘controlling the floods’ by harnessing the annual floods 
with dykes, levees and artificial drainage to protect their crops and increase arable land and pond 
areas for agricultural and aquaculture production. Economic growth is chiefly dependent on water 
and land reclamation in the MD, which is associated with wetland degradation and loss.  Economic 
growth has changed the social structure (of the population) and population levels (numbers) within 
the MD. These are the factors that have resulted in demands for more land for agricultural and other 
uses which, in association with the adverse impacts of climate change, are going to exacerbate the 
status of the remnants of the seasonally inundated grassland wetlands in the HTP. Hence, it is 
important to understand the drivers and how they influence each other at the local level, in interaction 
with national policies on wetland losses. The research questions are as follows:  
Research question 1: What are the drivers of wetland degradation in the study area?  
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Research question 2: What are the various factors that influence wetland grassland degradation and 
the likely consequences of the conservation of the wetlands for carbon restoration? 
Research question 3: What policy interventions are needed to enhance livelihoods and achieve 
sustainable wetland grassland conservation in the study area? 
 Structure of the Dissertation 
The thesis contains seven chapters. The schematic of chapter structure and linkage between each of 
them is given in Figure 1.1. 
Figure 1.1 Schematic overview of the thesis structure  
Chapter 1 outlines the motivation and rationale leading to the research. It presents the research aims 
and questions, and outlines the research strategy. In this chapter, the research questions are only 
generative, with the aim of providing guidance for the literature review that this thesis seeks to fill a 
Chapter 1 - Introduction 
Chapter 3 - A historical review of the drivers of wetland 
degradation in the Mekong Delta of Vietnam 
(Paper published in Regional Environmental Climate Change) 
Chapter 4 - An estimate of the carbon stocks of a number of the 
remaining protected vegetative wetlands of Vietnam’s Mekong 
Delta 
Chapter 2 - A contextual description of the study area & Research 
Methodology 
Chapter 5 - Land-use change and socio-ecological drivers of 
wetland conversion in Ha Tien Plain, Mekong Delta, Vietnam 
(Paper published in Journal of Land Use Policy) 
Chapter 7 - Conclusion and Recommendations 
Chapter 6 - Application of Bayesian networks for sustainability 
assessment in wetland grassland modeling and management: Case 
study at Phu My Lepironia grassland conservation in Mekong 
Delta, Vietnam  
Introduction 
Methodology 
and Study area 
Results, 
Discussion and 
Conclusion  
Literature 
Critical Review 
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number of key literature gaps by answering the research questions. The research problem, research 
questions and research justifications are briefly explained in Chapter 1. 
Chapter 2 - gives a contextual description of the study area and an overview of how the research 
methodology meets the overall research objectives.  The chapter summarises how the methodologies 
presented in each of the key results driven chapters (Chapters 5-6) meet the specific research 
questions of the thesis. 
Chapters 3 and 4 contain a critical review of relevant published literature. The literature review has 
been documented in two papers, but that based on Chapter 3 has yet to be submitted for publication. 
The literature review (Chapter 3) provides an overview of how the delta’s wetlands were transformed 
in different periods, and analyses of the driving forces of wetland losses and the underlying causes 
that were derived from the differing policies of political regimes. The article “A review of the drivers 
of 200 years of wetland degradation in the Mekong Delta of Vietnam” (Hoang et al., 2016)  was 
published in the journal Regional Environmental Change. This chapter addresses research question 
1 of this thesis. 
Chapter 4 - This chapter provides a review of previous research and an estimation of the carbon 
reservations in different protected wetland ecosystems in the MD. This chapter also provides 
information that contributes to the entangled values of protected wetland ecosystems. 
Chapter 5 - presents the primary results and discussion of the research and addresses research 
questions 2 of this thesis. The results of this chapter provide a better understanding of the complex 
social-ecological factors affecting land-cover change in the Phu My Lepironia grassland conservation 
area, a part of Kien Giang Biosphere Reserve in Vietnam. The paper “Land-use change and socio-
ecological drivers of wetland conversion in Ha Tien Plain, Mekong Delta, Vietnam” which was based 
on this chapter, has been published in the journal Land Use Policy. 
Chapter 6 - examines the interactions between the key components of the wetland protection area and 
local community livelihood activities; it also identifies key leverage points for intervention and 
explores the potential impacts of possible policy interventions. The chapter concludes by discussing 
the failure to enhance the awareness of local Khmer community on wetland grassland values, the 
improvement of rice yields, Lepironia grass cultivation and selective grass harvest techniques, that 
will result in the current situation continuing, with   land use for rice cultivation posing a threat in the 
form of increased degradation of wetland grassland. The paper “A study of the factors influencing the 
sustainable management of the Phu My Lepironia grassland conservation area in the Mekong Delta, 
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Vietnam”, based on the content of this chapter, has been submitted and is under review for publication 
the journal Agriculture, Ecosystems and Environment.  
The final section of thesis, Chapter 7 concludes the findings in relation to the research objectives and 
specific research questions, and discusses the implications of those findings. This chapter also states 
the limitations of the research, and makes some recommendations for future research. 
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Chapter 2. Contextual description of the study area and overarching 
research methodology 
This chapter aims to describe data and information in the study area collected from field work visits. 
The first two sections of this chapter explain the boundary, access, settlements location and 
population of the study area. In Section 3, the main community livelihood subsistence practices that 
closely related to wetland loss trend and land exploitation are described. The physical characteristics 
of the study area such as land use and land cover and grassland wetland degradation and wetland 
ecosystems’ conservation, are described in Section 4. In the last section, the overarching research 
methodology and a conceptual framework are presented for assessing the drivers of wetland, 
grassland wetland loss and the impacts on local communities. This framework was used during the 
fieldwork and data collection stage of the thesis. All data and information in this chapter including 
the detail data collected from the survey and literature review are described which form the basis for 
constructing a Systems Thinking and Bayesian Belief Networks in subsequent chapters.   
 Chapter summary 
Chapter 4 provides an overview of the site where the study was conducted, focusing on the physical 
environment, demographic characteristics, socio-economic background and land use classification. 
These characteristics relate to the problems of wetlands loss and degradation in the Mekong Delta 
(MD), particularly in the Ha Tien Plain (HTP), and provide insights related to the importance of 
wetland biodiversity and opportunities of wetland grassland conservation in the HTP. The discussion 
initially provides a brief background on the demography, land use and physical characteristics of Kien 
Giang province that is covered by the HTP. This is followed by a description of the geographic and 
socio-demographic background of Kien Giang province in which Phu My grassland conservation 
project is situated. The chapter also provides a detailed presentation of the initial activities of the 
project related to wetland conservation, socio-economic and constraint factors of human activities, 
that have impacted on wetlands degradation and conservation. 
The literature review identifies that there is a scarcity of information on issues crucial to the study of 
wetlands in the context of the complex interaction of socio-ecological systems coupled with human 
systems. The review of the current situation and previous studies of the MD wetlands helped to 
identify the knowledge gaps related to the current research project. 
The findings from the literature review justify the need to formulate the research problems (RP), 
research questions (RQs) and research methodologies to examine the research issues.  The second 
Nguyen Huu Hoang-2017         12 
 
section of this chapter describes the two main methodological components of the case study analysis, 
namely: Systems Thinking and the Bayesian Belief Network. In addition, the chapter discusses the 
rationale and suitability for the application of both the Systems Thinking and the Bayesian Belief 
Network methodologies (the two methodologies pertinent to the “Systems Approach”) as the research 
methodologies related to the RQs of this thesis. Importantly, because Chapters 5 and 6 of (the 
“results” chapters) are presented as discrete papers submitted for publication in highly regarded 
international journals, the specific methodologies used for those papers are detailed in those chapters, 
with some parts being repeated verbatim in this chapter to demonstrate the cogent nature of the overall 
methodology. This repetition is consistent with the acceptable PhD submission format at The 
University of Queensland. 
 Geography of The Mekong Delta  
 Environment and Geography of the Mekong Delta 
The Mekong, one of the world’s great rivers (4,350 km), flows from the Tibetan Plateau of China 
through, or along, the borders of Myanmar, Lao PDR, Thailand, Cambodia and Vietnam. 
Geographically, the Mekong Delta (MD) starts at Phnom Penh in Cambodia, where the river divides 
into two main distributaries, the Mekong (or Tien river) and the Bassac (or Hau river) before reaching 
the East Sea.  
The subject of this thesis, the MD of Vietnam, is referred to as “the MD”, or simply “the delta”. It is 
located between the latitudes 7-10°30' N and longitudes 102°30'-109°E, in the southern part of 
Vietnam (Figure 2.1). The delta comprises a vast triangular plain of approximately 5.5 million ha, of 
which the Vietnamese component constitutes 3.9 million ha, and is surrounded by the East Sea in the 
southeast and the Gulf of Thailand in the west, with a coastline of about 600 km. Except some high 
hills in the northern part of the delta, topographically it is flat with an altitude of 1-2 m above sea 
level. Large parts (about 50%) of the delta are seasonally flooded up to 3 m depth (Wassmann et al., 
2004).  
The MD, being located in a tropical monsoon region, is characterised by consistently high mean 
monthly temperatures (25-29°C) and high but seasonal rainfall (1,200-2,300 mm). The tropical 
monsoonal climate has a pronounced dry-season starting between December to May, and a rainy-
season from June to November, during which time the southwest monsoons bring over 90 % of the 
annual rainfall. The combined effects of annual river floods and seasonal rainfall cause vast 
inundation of the MD. The flood season is usually from June/July to November/December and lasts 
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from 4-5 months in low altitude areas, and 1.5-2.0 months in the higher altitude areas.  The maximum 
depth of inundation is principally governed by the topography of the basin, the magnitude of the flood 
waters from upstream,  and tidal inundation in the south (Minh, 1996). The Delta is under the tidal 
influence of the East Sea. High tides during the low-flow dry season in March-April may result in 
extensive salt water intrusion. Salinity penetration into various branches of the Mekong varies from 
20 to 65 km. 
 
Figure 2.1 Map of the Mekong Delta ecological land use regions [Source: Vietnam-Netherlands 
Corporation (2011)]. 
 Population and income 
The MD is one of the most densely populated areas of Vietnam, with about  18.6 million people (22% 
of the Vietnamese population) living in the delta area, of which  nearly 80% are rural residents (Pham, 
2003). Large parts of the delta are drained to allow rice cultivation, highly productive shrimp farms, 
orchards and vegetable crops. With an annual production of more than 16 million tonnes of rice, the 
delta accounts for half of the nation’s rice production and contributes to Vietnam’s place as the second 
largest rice exporter in the world (Figure 2.2a). Shrimp and catfish are considered as two of the major 
aquaculture products for Vietnam, which are mostly produced in the MD. Today, aquaculture (Figure 
2.2b) is emerging and growing rapidly to become a major export commodity related to the economic 
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development of the delta region (Lam et al., 2009; Wilder and Phuong, 2002). During the period 
2000-2010, the MD achieved a gross domestic product (GDP) growth rate of between 10 and 12 % a 
year, considerably higher than Vietnam’s GDP growth rates of between 6 and 8 % during the same 
period. The MD contributes  41% of national agro-sector GDP (Smith, 2013). 
  
(a) Rice production and export volume (‘1000 
tons) for Vietnam [Source: Tung (2013)]. 
(b) Total fisheries production (‘1000 tons) 
in Vietnam from 2000 to 2010 [Source: van 
Duijn et al. (2012)]. 
Figure 2.2 Rice and aquaculture production in Mekong Delta 
Per capita income in the MD in 2008 averaged around 14 million VND (about US$ 730). The 
difference between the highest and lowest income groups increased from 6.5 times in 2004 to 7.5 
times in 2008. The percentage of poor households is still fairly high, especially in remote and delta 
border areas, where poor households can account for between  20 to 25% of the population (Vietnam-
Netherlands Corporation, 2011). 
 The context of the wetlands in Mekong Delta  
In accordance with the  definition of Ramsar, 90% of MD is a vast wetland (Mather, 2009). The delta 
has been historically seasonally flooded by the waters of the Mekong River and contains large areas 
of wetland forest and diverse grasslands (Melaleuca, mangrove and Eleocharis spp.) (Husson et al., 
2000; Tanaka, 2001). The delta wetlands, therefore, bring not only ecological and environmental 
benefits but they are also important for a range of socio-economic activities. In comparison with other 
deltas in the world, large-scale human modifications of the natural environment and reclamation of 
land for agricultural production in the MD started approximately 300 years ago, with the arrival of 
the pioneer Vietnamese farmers (Biggs, 2011a). The MD became a “rice bowl” for Vietnam, and it 
currently produces about 80% of the rice that s exported by Vietnam.  With regards to its important 
role in the preservation of biodiversity, the maintenance of ecological integrity and provision of 
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produce for human consumption,  the 736 km of coastline, 320,000 ha of brackish water bodies (Be, 
2000), and wetlands covering an area of 3.9 million ha, the MD fulfils an important role in both 
regional and global biodiversity conservation (Dugan, 1993).  
The landscape in the delta is defined by its soil type and hydrology, which determine the nature of 
plant communities based on a complex of climatic, hydrological and soil processes (Hoanh and 
Khang, 1993; Rothuis, 1998). There are 3 main types of soil in the delta (alluvial, acid sulphate, and 
saline soils) which include three broad landforms (Buckton and Safford, 2004).  The northern and 
central parts of the delta contain a floodplain, which includes the area known as the POR and Ha Tien 
Plain (HTP).  
The coastal complex areas in the eastern and southern parts of the delta are influenced by both the 
marine and river environments. The coastal flats are covered by saltwater during the dry-season and 
submerged under alternately brackish or freshwater in the dry and rainy seasons, respectively (Chiem, 
1993). Mangrove swamps are found dominant along the coast, around the east-facing river mouths 
and around the Ca Mau peninsula.  
The Broad Depression occupying a large area in the south of the delta forms the third landform. It is 
very flat and largely isolated from the river system. Much of the area is very prone to flooding in the 
rainy season and frequently inundated with saltwater during the dry-season. Therefore, the Broad 
Depression contains potential acid sulphate soil derived from marine deposits during the periods of 
transgression.  As a result, freshwater is scarce in this area during  the dry season (Chiem, 1993). The 
peat soils hold a large volume of water throughout the dry-season, providing an important source of 
irrigation water for surrounding agricultural areas (Chiem, 1993; Husson et al., 2000; Tanaka, 2001). 
 Mekong Delta wetlands ecosystems  
The MD has undergone much anthropogenic change in the last 100 years, and few areas of natural or 
semi-natural habitat remain. Despite the likely  loss of biodiversity, little documentation exists of  the 
region’s avifauna at any time in its history (Buckton and Safford, 2004). The earliest document 
relating to the  abundance of  bird species in MD recorded by (Tirant, 1879), suggests  that the delta 
once contained extensive forests. Remnant tree stumps indicate that the delta was once covered with 
Melaleuca forest, but relatively little of that original forest now remains (Kiet, 1993; Rundel, 2009; 
Triet et al., 2000). The major vegetation units of the MD have been recently reviewed by (Rundel, 
2009). Swamp forests are dominated by Melaleuca cajuputi (Craven and Barlow, 1997), while there 
are seasonally inundated grasslands, and vegetation in permanent water bodies such as canals, streams 
and ponds (Triet et al., 2000). These forests are naturally distributed in most of lowland areas with 
Nguyen Huu Hoang-2017         16 
 
acid sulphate soils, and on the peaty soils of the Plain of Reeds (POR), Long Xuyen Quadrangle 
(LXQ), and in the U Minh forests of the Broad Depression area which form a transitional zone 
between the submerged saline mangrove areas and more continental forest vegetation (Brinkman and 
Xuan, 1991; Crane et al., 1993). The major remaining semi-natural wetland areas of the MD are the 
POR, the HTP and the U Minh wetlands (Buckton et al., 1999; Safford and Maltby, 1997; Sterling et 
al., 2006; Triet et al., 2000). Although today’s Melaleuca forests are low in plant biodiversity, they 
act as one of the few sources of fish, amphibian, reptilian and bird biodiversity in the delta. The 
Melaleuca forests of the MD, which have traditionally been a major source of fuel for the local 
population (Duc, 1993a), were formerly very rich in wildlife, supporting a great diversity of 
mammals, birds, reptiles and amphibians, and providing nesting sites for considerable numbers of 
waterbirds (ADB, 2012). 
In MD , “grassland” is used to refer to the type of vegetation dominated by herbaceous plant 
species, mostly grasses (Poaceae) and sedges (Cyperaceae), occupying the depressed and seasonally 
inundated areas (Triet, 2000).  Seasonally inundated grasslands formerly occurred throughout the 
upper MD areas that are inundated annually by combination of flood waters from the Mekong River 
and high rainfall. Grassland of the MD is predominantly distributed within the freshwater wetlands 
of the delta (Kiet, 1994) or found  mixed with the  Melaleuca woodlands in the permanent water 
bodies (Triet, 2000). According to field surveys conducted during 1997 (Buckton et al., 1999; Triet, 
2000; Triet et al., 2000), large areas of seasonally inundated grassland are distributed mainly in POR 
and HTP, whereas the inundated sedges are predominant in the U Minh forest. The grasslands with 
the presence of Elocharis spp. are important in supporting the highest levels of species diversity of 
wetland plants and water birds, including the Sarus Crane in the MD. In recent decades, the MD’s 
natural grasslands have been greatly reduced in area,  chiefly due to an expansion of agricultural 
activities  (Triet, 2000).    
The MD ecological conditions are favourable for the extensive development of mangroves. Less than 
40 species of mangroves are found in the MD’s coastal wetland ecosystem, which is mainly 
distributed along the coastal saline swamps and estuaries in the Ca Mau Peninsular (Hong, 2001). 
Close to the mangrove ecosystem on the landward side, Nypa palms dominate  the brackish areas 
closest to fresh water (Sterling et al., 2006). Mangrove forests provide coastal protection, a variety of 
wood and non-wood products, and are habitats for flora and fauna species, including nursery grounds 
for fish and shellfish species (Benthem et al., 1999). Some mangrove species are used in traditional 
medicines in Vietnam. The MD’s coastal mangrove forests and wetlands are therefore of considerable 
importance for many bird species, particularly the over 200 species of migratory waterbirds, including 
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large numbers of herons, egrets, storks and ibises. Mangrove forests are also a source of construction 
materials, firewood and charcoal (Hong and San, 1993). Nypa Palm (Nypa fruticans) has many uses.  
The fronds are woven into wall or roof shingles and are used to wrap sticky rice cakes; the leaf stalks 
are used as floats for fishing nets;  the leaf ribs are used to make brooms;  the immature seeds are 
eaten; and the palm tree is planted to protect land from erosion (Buckton et al., 1999).  
 Environmental and Land Use Change  
Until the 20th century,  wetland areas situated in  the lower-lying depressions a considerable distance  
from the Mekong River, were permanently submerged, with the water level only becoming gradually 
lower  during the dry-season (Beilfuss and Barzen, 1994). However, vast areas which were covered 
by dense forest in the POR, LXQ and lowland areas of Ca Mau peninsular, have been devastated 
during the course of development of the MD area.  
Wetlands and flood plains in particular have been  degraded by river flow management, canal 
construction and by land-use pressures (Renaud and Kuenzer, 2012; White, 2002). Rice cultivation 
was introduced into the delta by pioneer Vietnamese settlers in the early 18th century, and spread 
throughout much of the delta between the mid-nineteenth and mid-twentieth centuries (Sanh et al., 
1998; Takada, 1984). The expansion of agricultural land has frequently been accompanied by the 
extension of canals for irrigation and land reclamation. These developments have entailed the 
construction of infrastructure for water diversion and distribution. Today the canal system comprises 
over 15,000 km of main and primary canals, nearly 27,000 km of secondary canals and about 50,000 
km of tertiary canals (Benedikter, 2014; Vietnam-Netherlands Corporation, 2011). The MD, an area 
of dense wetland forests, became a rice bowl by late 1980s. Of the initial 4 million ha of the Delta, 
over 90% of the agricultural land of the delta is now utilised for rice cultivation. MD rice is a 
significant contributor to the national economy, producing approximately half of the national rice 
production and forming the bulk of rice exports (Cosslett and Cosslett, 2014).  
The canals in the delta area have dramatically changed the shape and nature of the delta. At first, the 
canals drained excess surface water from the wetlands, reducing the period of flooding in the wetlands 
from 12 months to 4 to 6 months (Hanhart and Ni, 1993). Only the lowest areas remained submerged 
year round. Over the years, the lower water and groundwater level started to drop, and the soils 
became transformed into acidic sulphate soils by the oxidation of the pyrites containing sediments 
(Dent, 1992; Kawahigashi et al., 2008). The effects of soil acidification on the native wetland 
vegetation have included the loss of species diversity and a change in the  dominant vegetation species  
(Triet, 2000). For example, the practice of draining the Melaleuca was to control flooding and to 
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lower the water table to assist in the reclamation of land for rice-based agriculture. However, the 
reclamation of areas normally colonized by Melaleuca with acid sulphate potential soils and peat with 
a depth of more than one metre, has led to very poor agricultural returns and the subsequent 
abandonment of large areas. The conversion and reclamation of the wetlands by excavation canals 
and leaching, have the potential for acid pollution spreading throughout the delta as a whole 
(Hashimoto, 2001; Minh, 1996; White, 2002). Intensive agriculture and its expansion in the MD, 
therefore, has resulted in an increasing proportion of the delta area becoming unsuitable for 
cultivation (Smith and Maltby, 2003). Attempts at rice cropping on newly reclaimed soils has been 
associated with degradation of more than 36,000 and 350,000 ha of pristine wetland Melaleuca 
forested areas in POR and the LXQ, respectively (Duc, 1993a). 
Forest destruction is seen as main driver of ecological changes in MD.  The ecological degradation 
and wetland losses were probably the highest in the coastal areas of the delta, due to the structural 
obstruction of regular tidal water exchange, with an associated decline in water quality. An  example 
of this is through the expansion of large-scale water control projects in support of irrigated rice 
cultivation, which have impacted on the normal seasonal exchange of fresh rainwater and saline water 
in coastal areas (Sanh et al., 1998; Tanaka, 1995). In addition, structural modifications, such as the 
construction of sea dikes, earth banks and shrimp ponds, has impacted on past water exchange 
between the tidal regime and freshwater input from rainfall. This disturbance of the natural 
environment has also resulted in the degradation of the diverse and salt-tolerant mangrove habitat 
which contained a range of different species of mangrove which reflected differences  in salinity 
levels with increasing distance from the shoreline (Viet and Binh, 2014). In the 1980s and 1990s, 
large areas of mangrove forests, particularly in Ca Mau and Bac Lieu, were destroyed to make way 
for aquaculture and shrimp farms (Cosslett and Cosslett, 2014; Johnston et al., 2000). Mangrove 
forests in Vietnam used to cover more than 400,000 ha in the 1940s (Maurand, 1943). In 2002 the 
area under mangrove forests was estimated to have declined to about 70,000 ha, (Eucker, 2011; 
Gebhardt et al., 2012), and then by 2005 it had increased by 51,450 ha under the National Action 
Plan for mangrove protection and development (Government of Vietnam, 2005). The pristine and 
impenetrable jungle-like mangrove forests that currently exist along the coastline is currently 
classified as secondary growth (Benthem et al., 1999; Hong and San, 1993). 
 Socio-economic losses and failure of interventions  
The recent highly managed scheme in MD has resulted in impoverished environments in the delta 
wetlands, making the delta area  and delta farmers more vulnerable to water shortages and droughts 
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(Tri, 2012). The large socio-economic and environmental changes have led to environmental 
problems (Garschagen et al., 2012). Saline intrusion and soil acidification have increased (Wassmann 
et al., 2004), while storm or flood damage have also been regarded as being very severe since 1996 
(Ninh et al., 2007). In addition, the natural ecosystem functions including biodiversity are regarded 
as having been lost (Ni et al., 2003; Torell and Salamanca, 2003).  
Development in the MD has been very dynamic in recent decades. However, the development which 
has been regarded as bringing social and economic grains is regarded as also bringing  environmental 
pain related to the  conflict with biodiversity conservation (Howie, 2005). The agricultural 
intensification that has contributed to the increase in rice production and aquaculture, has been 
associated with physical changes in the wetlands environment in the delta (Buckton et al., 1999; Duc, 
1993b; Rothuis, 1998; Sanh et al., 1998; Triet et al., 2000). Unsustainable economic development 
goals, poverty and the endorsement by the local government for agricultural and aquaculture 
intensification, are the main direct threats to wetlands environment, which have led to an increase in 
the rate of loss and destruction of the wetlands. In addition, many of the environmental problems in 
the MD which have been brought on by large-scale infrastructure development interventions may be 
viewed as a consequence of the failure to recognise the delta as an environmental system. Apart from 
effects  associated with structural  installations,  water-control projects have also resulted in  changes 
to the character of habitats within the biophysical environments of the delta (Miller et al., 1999).  
The MD wetlands are among the most productive ecosystems which provide forest-based 
commodities, the regulation of the water balance and conservation of biodiversity.  However, the 
alternation of flood patterns and conversion of the wetlands to agricultural land and aquaculture-based 
industries have drastically reshaped large areas of the natural wetlands and intensified environmental 
problems. Even though the delta has still maintained its enormous productivity, the increasing 
production costs, the increasing salinity issues, the worsening of water quality, declining biodiversity, 
and increased social differentiation, are of increasing concern  (Käkönen, 2008; Keskinen, 2008). 
Currently the MD wetlands are regarded as being at the crossroads of environmental and social 
sustainability, and there is a need to explore new alternatives for effective wetland management. This 
requires a better understanding of the implications of past decisions to temper the acceleration of the 
ecological changes and associated  degradation, to  find more sustainable solutions (Käkönen, 2008).  
Since 2005, the Environment Protection Agency has developed a national plan and numerous 
recommendations for the rational utilization of the wetlands in the delta (Miller et al., 1999). 
Scientists have also taken a variety research and management initiatives for the protection of the 
remaining wetland areas. However, conflicts in relation to wetlands utilisation and their degradation  
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have resulted from a lack of a master plan regarding wetland management, and from detailed wetlands 
plans that are inappropriate for  the physical and socio-economic conditions of each region (Vietnam-
EPA, 2005). This is partly because no single agency has a mandate to manage the country's wetlands, 
while the state policies on wetlands management and utilization are inconsistent, unsystematic, and 
change over time. State policies for wetlands’ management and exploitation remain unclear, with 
responsibilities not being clearly defined and/or not being assigned to relevant bodies and sectors 
(Figures 2.3 & 2.4). The development policies of different sectors show many contradictions.  This 
dilemma for natural resource management stems from the increasing trade-off between the need for 
economic growth and protecting the environment. One of the major problems is that the traditional 
users of the wetlands do not have their traditional rights to these ecosystems recognised, and they are 
not properly involved in the management and control of the wetlands resources. This  situation reflects 
the  inflexible  management of conservation areas which has been strongly oriented to the “guns and 
guards” approach, and often based on the exclusion of local communities from the resources they 
previously have had access to for subsistence purposes (Miller et al., 1999). Consequently, the 
wetlands suffer degradation at the hands of other wealthier and more powerful sectors of society 
which have changed the land use patterns which has impacted on the long-term sustainability of the 
wetlands, without benefiting the poorer component of the population. 
 
Figure 2.3 Organizational chart of wetlands governance in Vietnam 
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The exclusion of local communities from involving management initiatives in the wetlands could be 
described as a mis-scaling of the spatial conservation areas, with resulting increases in the human-
induced depletion of ecosystem functions. For example, in the TCNP in the MD, the six adjacent 
communities in the buffer zone have had close mutual relationships to the core nature reserve. They 
form an integral part of the park as a complete system of conservation. Excluding them entails missing 
out of an important component  of the social-ecological system (Manh, 2005). 
In terms of the environment and conservation, a legal framework has been created to provide decision 
makers with a legal basis to better involve environmental considerations when developing natural 
resource-related policies. In addition, in many instances the legal references  have caused confusion, 
while  the governance system has been shown both overlaps and gaps in responsibility (Nang, 2003). 
As a result, sustainability persists in theory rather than in practice. Natural resources therefore 
continue to suffer in terms of  ongoing depletion  (ICEM, 2003). 
In a number conservation projects, the managers and policy makers have been overwhelmingly 
ambitious in terms of economic preferences, while trying to satisfy environmental requirements. This 
has resulted in conflicts of interests, i.e. economic versus environmental priorities, sectoral vs. 
holistic, among wetland users and stakeholders.  More specifically, conservation efforts are mainly 
concentrated on the protection of species or biodiversity, while ignoring the cultural values of the 
local people who have a long history of living and using the natural resources in these areas. 
Consequently, the forest protection laws have been defied, and forests resources have been depleted. 
As the social-ecological systems are dynamic and complex, the governance of the systems must be 
flexible and adaptive (Folke et al., 2003). The traditional approaches appear to be static and content-
oriented, with the current focus being mostly on maintaining the same ecosystem through thorough 
the prevention of disturbances. This approach has led to the implementation of management 
initiatives that, in many cases, have resulted in negative consequences and impacts on the social-
ecological system, rather than strengthening its resilience. In other words, the management is more 
preservative than conservative. Piecemeal planning,  along with misunderstanding/misinterpretation 
of the system and system’s behaviour, have caused changes in the ecosystems’ and its components’ 
natural functions (Manh, 2005). 
The review of previous research indicates that the wetland managers are encountering challenges that 
not only consider the ecology, geology and engineering aspects of the sciences,  but also the aesthetic, 
socio-political, and economic aspects  (LePage, 2011). In reference to this situation, management 
must adopt a broader view and comprehensive approach to the complex and uncertain wetland 
ecosystems. Arresting the decline in the wetlands ecosystems requires cooperation among a wide 
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range of stakeholders and consideration of the interrelationships between a range of ecological, 
economic and social values. It is probable that  the current problems are non-linear and are caused by 
various interacting factors which need to be untangled, so that their respective roles in the destruction 
of the wetlands in the delta can be understood, and management of the wetlands improved (Torell 
and Salamanca, 2003). Some external agencies (e.g. WWF, CARE International, and IUCN) have 
been  working with the Vietnamese government to encourage a more participatory approach to 
conservation (Miller et al., 1999). 
 
Figure 2.4 Institutional framework showing the overlaps in function and top-down 
management of the wetlands in Vietnam [Modified from Nhuan et al. (2008)]. 
The number of protected areas in the MD has continued to increase over the past decade, including 
two biosphere reserves. However, the design of most of the delta’s protected areas covers relatively 
small areas, and encroachment, fragmentation, and the rise in sea level,  threaten their future (Pilgrim, 
2007). The management framework of the protected areas needs strengthening, especially with 
regards to increasing the involvement of local communities beyond statutory consultations, and in 
devolving greater authority to local management boards (Fabres, 2011b). Additionally, one important 
trend is that the wetlands in the MD have been resettlement areas for communities for generations, 
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which has helped to form their typical cultural values and farming traditions. As a result, wetlands 
management cannot be separated on a sectoral basis, nor can it be separated from community 
development. The challenge is that the planning of wetlands development has not been synchronised, 
while there has been a lack of coordination between sectors in the integration of wetlands 
management. Despite a significant increase in the number and coverage of protected areas, natural 
biodiversity in the delta region has continued to decline.  
 A contextual description of the study area in the Ha Tien Plain  
 Geographic, demographic and climatic characteristics  
 
Figure 2.5 Map of the Ha Tien Plain in the Mekong Delta [Source: Le (2010b)]. 
The Ha Tien Plain (HTP) is a flat coastal plain, situated in the northern-western part of the Mekong 
Delta (MD) from 10030’- 30’N to 104030’-105010’E, and is fully located in Kien Giang province 
(Figure 2.5). It has a natural area of 6,348.50 km2, and comprises about 14% of the total MD in 
Vietnam, with more than 200 km of coastline. The plain shares a  56 km long inland border with 
Cambodia in the north; An Giang, Can Tho and Hau Giang provinces in the east and southeast; Ca 
Mau and Bac Lieu provinces in the south, and the Gulf of Thailand  in the southwest (Dung, 2009). 
Located in the lower latitudes and adjacent to the sea, the HTP (or Kien Giang province) has a tropical 
monsoon climate, is hot and humid year-round, with an average monthly temperature of 27.0 - 
27.5°C. The average number of sunshine hours is about 2,500 hours per year. The annual average 
rainfall is between 1600 and 2000mm in the mainland, and between 2,400 and 2,800mm in Phu Quoc 
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Island. The rainy season extends from April to November and the dry season from December to 
March.  
The population of Kien Giang is almost 17 million, with the population density being 274 persons/ 
km², of which 73%  live in rural area (GSO, 2014a). Ethnic minorities comprise about 13.6% of the 
population, and they have a higher than average poverty rate of about 30%. 
 Hydrology and land use 
The Ha Tian Plain’s geography is relatively flat, with an average elevation of 0.8 - 1.2 m in the 
Northeast, and 0.2 to 0.4 m (amsl) in the Southwest.  Floodwaters can easily drain away but the area 
can become inundated to a depth of 1.5 to 2 m during the flood season (in the months June to 
September). About 85% of the land area is at less than one metre above sea level and is therefore 
under potential severe threat from the effects of climate change. 
The hydrological regime in Kien Giang province is affected by the Mekong river systems, rainfall, 
and the tides in the west (The Gulf of Thailand). The annual flooding season usually occurs from July 
to November, with peak floods in October. The dry-season extends from December to June. During 
the dry-season, the water flow from upstream decreases and sea water intrudes into many production 
areas with salinity of up to 5 g/l. 
There are three major rivers in Kien Giang, the Cai Lon, Cai Be and Giang Thanh rivers. In addition, 
a large part of the plain has been bisected by a network of canals which were introduced for improved 
transportation, and land reclamation for agriculture. According to (Biggs, 2005b), before 1900 the 
plain was one of the largest such ecosystems in the world and covered by more than one million 
hectares of coastal mangrove and Melaleuca forest. Large scale conversion of these forests to other 
uses, such as rice, aquaculture and settlements, eliminated fifteen thousand ha of the cajuput forests 
between 1975 and 1990 (Biggs, 2005b; GIZ, 2011). The construction of canals and drainage has 
triggered a series of unforeseen changes in soil properties associated with the transformation of a 
potentially acidic condition into an actual acidic condition (Hashimoto, 2001; Husson, 2000; Minh et 
al., 1997b). The increased acidification of soils (and the formation of active acid sulphate soils 
(AASS)) and waterways has resulted in rice crops giving low yields (with occasional total crop 
failure), with more general effects of the decline in soil pH associated with active acid sulphate soil 
formation which is imposing an increasing threat to agricultural production (Kawahigashi et al., 2008; 
Tuong, 1993). The main ecological detriments of the acid sulphate soils are habitat degradation and 
poor plant productivity. This has led to greater ecological resources damage through the  subsidence 
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of the drained soil and water (Clark, 1995), which have  changed  land use patterns and land cover 
(Figure 2.6) (Hanhart and Ni, 1993; Minh, 1996; Minh et al., 1997a; Ni et al., 2003). 
 
Figure 2.6 Land use  changes in HTP between  1991 to 2009 [Source: Funkenberg et al. (2014)]. 
An associated problem with the construction of the large and complex network of drainage canals  is 
salt water intrusion in the dry-season, which has detrimental effects  on agricultural production and 
the functioning of Melaleuca forests (Tran, 2015b).  
Land in Kien Giang-HTP is suitable for agriculture, forestry and aquaculture, with the total land area 
being 634,853 ha (Table 2.1), of which agricultural land accounts for 574,395 ha (90.71% of the 
total).  Rice paddy land occupies 381,485 ha (61.49 % of the agricultural land). Non-agricultural land 
area occupies 55,075 ha (8.39% of the total area), while unused land occupies 5,383 ha (0.90% of the 
area).  The area of land covered by sea water along the coast is 13,781.11 ha (GSO, 2014c). 
Table 2.1 Land resource and land use in Kien Giang province, Mekong Delta, in 2014 
[Source: GSO (2014a)]. 
 The HTP ecosystem and biodiversity 
The HTP in the MD contains a diverse area of wetland ecosystems, including mangrove forests, 
brackish marshes, swamp and grasslands. The HTP was formerly very rich in natural wildlife, 
supporting a great diversity of habitats for plant communities, mammals, birds, reptiles and 
S.No. Type of land Area (ha) Percentage (%) 
1 Agriculture 574,395 90.71 
    1.1 Rice    381,485      61.49 
2 Non-agricultural land 55,075 8.39 
3 Unused land 5,383 0.90 
 Total 634,853 100 
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amphibians, while also providing nesting sites for a considerable number of globally rare and 
endangered waterbirds (Safford et al., 2009; Torell and Salamanca, 2003). The results of a  
biodiversity survey in 1999  ranked the HTP as the highest priority for wetland conservation on 
account of  exceptional biodiversity (Buckton et al., 1999).  The U Minh Thuong National Park 
(UMTNP) within the HTP is a unique ecosystem, and is ranked as one of the most important wetlands 
for biodiversity in the MD, and therefore in all of Vietnam. It consists of the largest remaining largest 
patches of Melaleuca forest which supports the majority of the region’s remaining biodiversity 
(CARE, 2004a; b). This biodiversity is reflected by  the presence of rare and threatened species of 
fauna and flora, almost-extinct plant and animal communities, and remarkable biophysical features, 
such as the peat dome itself (MacKay, 2009; Safford et al., 1998). 
The HTP encompasses 200 km of coastline with rich mangrove forests in some locations.  
Approximately 74% of the coastline in Kien Giang retains mangroves, mostly in poor condition, but 
which support 27 of the 39 mangrove species known to exist in Vietnam (Duke et al., 2010). 
Mangrove forests provide essential breeding and feeding habitats for many species of fish, prawns, 
invertebrates and, birds, with many species being dependent on   the mangroves for food, nesting sites 
or shelter. The plain also contains the last extensive seasonally inundated grasslands (Lepironia 
articulate, Eleocharis dulcis, Eleocharis ochrostachys, Ischaemum rugosum), naturally regenerating 
Melaleuca scrub (Melaleuca cajuputi) and Nypa palm (Nypa fruticans) swamps (Buckton et al., 1999; 
Triet, 2000; Triet et al., 2000). 
Another indication of the conservation importance of the HTP comes from sightings (in 1999 and 
2003) of the globally and critically endangered White-shouldered Ibis (Pseudibis davisoni) (Buckton 
et al., 1999; Hoa et al., 2007). The Kien Luong portion of the plain contains a significant area of 
suitable habitats for the eastern subspecies of Sarus Crane (Grus antigone sharpii), representing a 
significant proportion of the global non-breeding population of this subspecies, which could number 
as few as 821 individuals (Tordoff, 2002). In 2002, 377 Sarus Cranes were sighted and counted in the 
Hon Chong, and Kien Giang wetlands. In addition, remains of the globally endangered Bengal 
Florican (Houbaropsis bengalensis) were found in the plain in 1997 (Triet et al., 2000). The HTP 
includes  two important bird areas: Kien Luong and Ha Tien have become important visiting sites for 
many rare and globally threatened bird species (Hughes et al., 2001; Tordoff, 2002).   
According to Matthews (2012), the wetlands and natural resources in the MD have  suffered a drastic 
contraction from their conversion to other uses, while  coastal erosion and pushed to their limit by 
overfishing, logging, as well as intensive agriculture and aquaculture. The result may be complete 
destruction of habitat for large water birds (Wege et al., 1999) and human livelihoods (Do and 
Nguyen Huu Hoang-2017         27 
 
Bennett, 2009). In order to sustain the remaining natural resources, a number of management 
initiatives have been undertaken. One of these initiatives is the Biosphere Reserve project in Kien 
Giang province (Figure 2.7). The Kien Giang Man and the Biosphere Reserve (MAB) is one of the 
largest biosphere reserves in Southeast Asia and one of nine such reserves in Vietnam.  The Kien 
Giang MAB Reserve consists of a core zone of 36,935 ha, a buffer zone of 172,578 ha, and a transition 
zone of 978,591 ha, a total of 1,118,105 ha. It is home to tropical ecosystems including marine and 
coastal ecosystems, mangrove swamps, islands, coral reefs, marshes, seasonal mangrove wetlands, 
primary and secondary tropical forests of UMTNP, the Phu Quoc National Park and the Kien Luong-
Hon Chong Coastal Area, as well as the wetland forests of the  Hon Chong Karst Mountains, which 
are the unique ecosystem in Vietnam (GIZ, 2011). 
 
 
 
 
 
 
 
 
 
 
Figure 2.7 Map of Kien Giang Man and the Biosphere Reserve (MAB) [Source: GIZ (2011)]. 
 Phu My Lepironia grassland conservation and sustainable use 
Among the immensely diverse ecosystems, the grasslands on seasonally inundated areas, mangrove 
and Melaleuca forests, are the largest in MD (Triet, 2000). In the past, the seasonally inundated 
grasslands were considered as “wasteland” and omitted from the list of the country’s original 
vegetation types or wetlands (Duc, 1989). Being classified as “unproductive or wasteland”, large area 
of the HTP were converted to other uses within the context of a number economic development plans.  
Approximately 60,000 ha of natural seasonally inundated grasslands and Melaleuca were used for  
Eucalyptus plantations (Kiernan, 2010; Triet et al., 2000). This enterprise ultimately collapsed 
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economically, resulting in 22,000 ha of Eucalyptus plantations being abandoned (Kiernan, 2010; 
Triet, 2010; Triet et al., 2000).  
The “brackish water shrimp boom” was advocated for  saline water encroachment further into the 
freshwater wetlands of the HTP, which rapidly destroyed many of the natural grasslands, their loss 
being  irreversible (EJF, 2003; Triet et al., 2000).  A later survey revealed that the grasslands have 
been greatly reduced in area (Figure 2.8), with the estimated area occupied by the remaining 
grasslands being  about 6,981 ha  in Ha Tien district, and 7,624 ha in Kien Luong district  (Buckton 
et al., 1999). 
 
Figure 2.8 Changes in  seasonally inundated grassland in the Ha Tien Plain [Source: Funkenberg 
et al. (2014)]. 
In the view of combining biodiversity conservation with poverty alleviation, the Phu My project 
(PMP) area (2,890 ha) was established and managed by the Southeast Asia Program of the 
International Crane Foundation (ICF) in 2004. The 2,000 ha of seasonally inundated grassland is 
dominated by the sedge Lepironia articulata (Cyperaceae); this is the largest and most intact 
remaining natural Lepironia grassland in the MD. These grasslands also host Eastern Sarus Cranes in 
the dry-season for the night roosting sites, while also providing an important food source in the form 
of tubers of Eleocharis dulcis which grows naturally in appropriate hydrological regimes. Other 
characteristics of the wetlands include a high level of acidity, richness in organic substances, and 
seasonal inundation. 
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 The diversity of the vegetative biomes in the Phu My grassland conservation 
area   
Table 2.2 The major vegetative biomes in the Phu My grassland area  
S.No. Vegetative type Main characters 
1 Lepironia articulata - 
Ischaemum rugosum 
This is the typical mixed vegetation that dominates the deep 
inundated areas where the soil’s characteristics are moderate 
acid sulphate. Most of these areas are prone to drainage and 
reclamation for agricultural uses. 
2 Lepironia articulata - 
Eleocharis spp.  
This type of biome is predominant on the heavy alkaline, 
hollow soils and shallow flooded areas. This soil type is 
unfavorable for rice cultivation. Different species of 
Eleocharis spp. are found in this mixed biome, including 
Eleocharis dulcis, Eleocharis ochrostachys, Cyperus halpan, 
Ceratopteris thalictroides, Fuirena umbellata, and Xyris 
indica và Panicum repens. 
3 Eleocharis 
ochrostachys 
This sedge has a large area and is widely distributed in the 
project area. This type of vegetation is found dominant on 
heavy alkaline soils, and low-lying soils which have a topsoil 
layer that dries out and becomes hard at the end of the dry 
season. The bulbs of Eleocharis ochrostachys are the main 
food of Sarus Cranes. 
4 Eleocharis dulcis Similar to Eleocharis ochrostachys, this is a typical vegetation 
in the conservation area. E. dulcis is found predominantly in 
alkaline, low-lying soils and deeply inundated areas. E. dulcis 
is tolerant to different sulphate soils and duration of flooding.  
The tubes of this grass which is favored by Sarus Cranes, are 
sweet and have a high starch content. 
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5 Melaleuca (Melaleuca 
cajuputi) 
Melaleuca is an evergreen scrub and usually distributed in in 
strongly acid sulphate soil and inundated soils. Patches of 
Melaleuca are scattered throughout the grasslands. 
6 Rice (Oryza sativa) 
paddy fields 
Irrigated rice crops are grown on well-drained and reclaimed 
acid sulphate soils.  Local farmers usually plant two rice crops 
per year. The summer-autumn crops usually give a higher 
yield (but is prone to flooding which usually peaks in August) 
than the winter-spring crop, due to the shortage of freshwater 
for irrigation in the latter season. 
Source: (Triet et al., 2015) 
 Roles of grassland to the local communities and the socio-economic profile 
The Phu My conservation project area has a boundary close to three hamlets: Tran The, Kinh Moi 
and Tra Phot, which comprise about 350 households with an average of 5 members per household. 
Over 60% of the population of the area is comprised of people of  Khmer origin  (Ni, 2013). 
The wetland grassland is important for its biodiversity, and its provision of the major economic base 
for the local communities. The local Khmer communities’ subsistence is mainly from agricultural 
activities (i.e. cultivating paddy rice and livestock farming), the exploitation of natural resources 
(including the harvesting Lepironia grass, fuel wood collection or catching fish). The characteristics 
of the acid sulphate soil that predominates in the area prevent the cultivation of rice crops of high 
economic value in the wetlands. The local communities’ incomes, especially for landless farmers, 
mainly depend on harvesting Lepironia grass for sale or making traditional handicrafts. However, 
these simple handicrafts are usually low marketable value products and highly dependent on market 
demand. The local people have to find alternative food supplies and improve their incomes by 
deforestation and reclaiming the land for farming. The overexploitation of natural resources has 
resulted in the depletion of Lepironia grass and the degradation of the surrounding natural 
environment, which is home to the rare Sarus Cranes. 
 Conservation project objectives and activities 
The priority of the project is to preserve the remaining unique biodiversity-rich Lepironia grassland 
wetland through a community-based management model based on sustainable harvesting and 
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improving incomes of the people whose livelihoods depend on harvesting these grasses. The project’s 
goals are also to improve household incomes through the conservation and promotion of  traditional 
handicraft skills and the diverse local products made  from natural materials instead of adopting the  
traditional approach of “fines and fences” that excludes the local communities from conservation 
areas (Brandon and Wells, 1992). The newly established protected area is not a closed-door nature 
reserve, but allows the local people to harvest Lepironia inside the conserved area.  
Four zones were established in the grassland area, each serving a different purpose, the zones being:  
Ecological Restoration Zone, Exploitation Zone, Materials Growing Zone and an Agricultural 
Production Zone (the existing agricultural land of the commune). The Agriculture Production Zone 
will not be enlarged. In the Exploitation Zone, harvesting is rotated to maintain the restoration of 
Lepironia grass after being exploited. The Materials Growing Zone supports restoration by reducing 
the pressure on the natural Lepironia grassland (Figure 2.9). 
 
Figure 2.9 Map of the Phu My Lepironia Project Area [Source: Triet et al. (2015)] 
In addition to the concept of “open” protected wetland management, a new harvesting technique has 
been promoted for the sustainable exploitation of Lepironia grass. The indiscriminating “cut” 
harvesting method of whole grass clump has been banned, to be replaced by encouraging deracination 
or selective harvesting by harvesting the highest stems or culms. This harvesting method improves 
the yield by increase the harvesting cycles and regeneration ability in the following season. The 
project has also provided training to upskill mat weaving and makes different types of handicrafts 
products from Lepironia, instead of simple conventional mats and baskets. The change to a business 
approach has created more jobs and improved the incomes of local labourers.  
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A survey conducted one year after the start of the project recorded that 140 (40%) out of the 350 
households in the project area were participating in different activities of the project. The average 
income of people making Lepironia products before the project was about 8,000 to 10,000 VND ($0.6 
to $0.8) per day, had increased 30,000 to 50,000 VND ($1.9 to 3.1) per day. A conceptual diagram 
illustrating the main interconnections between current land use and natural components of the Phu 
My wetland grassland ecosystem with fundamental socio-economic outcomes for the associated 
communities is presented in Figure 2.10. 
 
Figure 2.10 Conceptual diagram illustrating the main interconnections between current land 
use and natural components of the Phu My wetland grassland ecosystem with fundamental 
socio-economic outcomes for the associated communities. 
Fortunately, human disturbance and encroachment in the new protected areas have been reduced, and 
this helped in improving the biodiversity value of the core conservation area. The annual Sarus Crane 
population count has shown a significant increase from 45 in 2005 to 200 in 2009. 
The results of a  biodiversity survey in the HTP (Hoa et al., 2007) outlined the factors that degraded 
the Lepironia grass (handicraft material source) and Eleocharis spp. (food source of the Sarus Crane) 
that are directly or indirectly linked to  human activities as follows: 
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(1) Digging new canals: The newly dug canals for irrigation and delivery of fresh water for shrimp 
farming has resulted in the release of acidity and reduced the pH of both soil and water. This change 
has has negative impacts on the wetland living organisms and caused environmental changes.  
(2) Field burning practices and uncontrolled forest fires: Local farmers still practice traditional 
cultivation activities by applying field burning in the dry-season.  In addition, the digging of canals 
has reduced the water-table in the dry-season.  Sometimes the burning of grassland and rice fields 
became uncontrollable. Uncontrolled fires are also a degradation factor in the wetland grass biomass.    
(3) Changes in land use: The conversion of grassland to rice fields, based on the potential for higher 
incomes from growing rice and Melaleuca, has resulted in the degradation and reduction of grassland. 
However, the rice yield on the newly reclaimed acid sulphate soils has gradually declined after first 
few crops. The rice fields have been abandoned due to poor investment in soil management and a 
lack of irrigation in dry-season. 
(4) Pollution: The pollution from rice cultivation and shrimp farms has also been a factor that has 
influences the degradation of Lepironia grass and Eleocharis spp. areas. 
(5) Overexploitation of Lepironia grass: The unsustainability and overexploitation of Lepironia grass 
is one of human factors that have obviously affected the degradation of Lepironia grass areas. The 
indiscriminate harvesting of grass has also impeded the regeneration of Lepironia grass. 
 Overarching research methodology 
 Research design framework 
The reliability prediction in this thesis is directly related to management reliability. Therefore, a 
modelling approach needed to be chosen that is able to address the management aspects of reliability 
prediction. Addressing the research objectives involved three broad methodological stages which are 
highlighted in Figure 2.11 and discussed below: 
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Figure 2.11 Overview of methodology and Steps in the research design framework. 
 Stage 1- Literature Review  
Stage 1 (Chapter 3, see Hoang et al. (2016)) initially involved a systematic quantitative literature 
review (Crisp, 2015; Pickering and Byrne, 2014) to understand the current state of knowledge and 
the availability of data related to the  current situation of the wetlands in the context of  geographical 
extent, wetland ecosystems and wetland transition, and wetlands conversion in terms of land use and 
land cover change. The first research process was to review the literature, which covered scholarly 
materials on topics relevant to the research aims and questions. The main sources of information 
included: empirical studies; government policy and technical reports; conference proceedings and 
scientific reports; non-government organization reports and statistical datasets, including social-
economic data, data on existing land cover, deforestation records and root causes of changes in land 
cover. 
There were two steps in the literature review phase. The first step was a “preliminary literature 
review” to help identify research gaps and initiate research questions. In the second step, a systematic 
Situation analysis and problem 
identification: linking the historical 
to current situation problems.   
System Conceptualisation: causal 
loop diagram of social systems and 
ecological systems.  
Bayesian Belief Networks: identify 
variables and links within system.   
Model analysis: simulation and 
validation.   
Scenario analysis and improvement: 
policies for management of 
variables.  
RQ1: What are the drivers of 
wetland degradation in the 
study area? 
RQ2: What are the various 
factors that influence wetland 
grassland degradation and the 
likely consequences of 
conservation of wetland for 
carbon restoration? 
RQ3: What policy 
interventions are needed to 
enhance livelihoods and 
achieve sustainable wetland 
grassland conservation in the 
study area? 
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literature review was conducted. The research question was refined through a series of sub-questions, 
and a conceptual framework was developed for understanding and exploring the multi-dimensional 
problems on the drivers of wetland conversion and swamp forest degradation that may range from 
social, economic, to political problems.  The time horizon of the thesis encompasses the cycle of 
ecosystem changes in the study area that were affected by anthropogenic interventions. This phase 
was guided by systems thinking and the main outcomes included a journal published article which 
was based on the first three chapters of this dissertation. This was represented by the meta-view that 
is provided by Soft Systems Methodology (SSM) which is based on insights, views and perceptions 
(Checkland, 1981; Checkland, 2000). As a result of the primary problem definition, combined with 
the use of a SSM as modelling approach, two main research objectives were formulated, together 
with their corresponding research questions.  
The holistic view of Systems Thinking methodology requires a deep understanding of the root causes 
of the problem. Hence, this thesis explores multi-dimensional problems on the drivers of wetland loss 
and degradation that may range from social, economic, to political problems. This thesis focuses on 
policy development that can improve system performance. To do this, a long-time horizon of 
modelling is required. In this thesis, the time horizon will encompass the cycle of ecosystem changes 
in the study area that is affected by anthropogenic interventions. 
Relevance of Stage 1 to the Thesis: 
Defining the research problem and questions mentioned in Chapter 1 and the literature reviews in 
Chapter 2 are integral parts of the Stage 1 process. 
Problem Orientation: assessing the drivers of wetland loss and degradation on the degraded delta 
wetland ecosystem at the Mekong Delta wide and the Phu My grassland biodiversity conservation 
project (PMP), Giang Thanh, Kien Giang, Vietnam. The PMP is the study area which was identified 
as part of Kien Giang Biosphere Reserve, Vietnam, established and managed by the Southeast Asia 
Program of the International Crane Foundation (ICF) in collaboration with local government of Kien 
Giang. 
Holistic View: interconnection among elements of drivers of wetland loss and degradation would 
include social, economic, political and environmental parameters at the case study area.  
Policy Design: the thesis underlines the system’s structure and behaviour to identify policy 
intervention and measures for improving the biodiversity conservation and communities’ livelihood 
in the study area. 
Data Collection and Data Analysis for Stage 1: 
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Data collected in this stage are based on previous wetland conversion, degradation and conservation 
studies at the national levels, previous studies related to the PMP, and secondary data related to the 
study area, provided by the PMP and local government.  A preliminary site visit was also conducted 
to develop mutual research cooperation with the PMP and local government office and to create a 
working arrangement with the nongovernment organisations (NGOs) and experts that support the 
PMP’s work in the study area.  
Data collected during this stage has been grouped into three chapters of this thesis as follows: 
 Mekong Delta historical wetland conversion and degradation and its causes (Chapter 3), 
 Policy of wetland conservation trend in context of climate change and deforestation in 
Mekong Delta and Vietnam (Chapter 4), 
 Preliminary data in the study area including social-economic data, existing land cover, 
wetland conversion, degradation and conservation records and root causes (Chapter 6).    
The data collected during this stage enabled the author to develop an understanding of the drivers of 
wetland loss and degradation at the national level, and how these drivers affect the drivers at the local 
level, particularly in the study area. The discussion in Chapter 2 is focused on addressing RQ 1. 
 
 
 
 Stage 2- System Conceptualisation  
This stage focuses on the design and construction of a system model to answer RQs 2 and 3. In this 
stage, a system model foundation was established by developing a model boundary and causal loop 
diagram.  
A systems thinking approach is of direct relevance to problem solvers and decision makers, since 
systems  thinking is, as stated by (Flood and Jackson, 1991),  “a vehicle for creative and organized 
thought about problem situations”. This shows the value of systems thinking, methodology, as 
described by (Checkland, 1981), in the context of reliability prediction and management i.e.: systems 
thinking has been successful as a tool for problem management (Flood and Carson, 1993). Flood 
(2010) stated that systems thinking research steps are commonly started by establishing the 
preliminary boundaries of the system and its environment. Every conceptual model requires an 
appropriate set of boundary conditions to represent the system’s relationship with the surrounding 
In summary, this stage answered RQ1 through identifying a set of drivers of the Mekong Delta 
wetlands loss and degradation over the course of more than 200 years, in response to anthropogenic 
interventions which have been closely related to different governmental policies on wetlands 
development. 
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systems. Defining  the boundary conditions model parameters is  essential to help understand  how a  
site specific model interacts with the entire flow system (Anderson and Woessner, 1992 p.97); this is 
achieved by choosing which entities are inside the system and which are outside. This means selecting 
components necessary to generate the behaviour of interest as set by the model purpose. As the 
understanding of the actors in relation to how the system works becomes clearer, boundaries can be 
updated at any stage. In general terms, defining the boundaries of a model is usually not limited to 
referring to the physical or natural boundaries of the case study, but is also dependent on the factors 
that affect key or leverage parameters which eventually have a great impact on the system behaviour. 
In this thesis, the determination of the preliminary model boundary was decided during the initial 
stage of model preparation, and was further improved in a series of consultations with stakeholders. 
Following the model boundary construction, a detailed cause and effect relationship among the 
parameters within the boundary was established through a series of consultations with stakeholders. 
In model development, it is imperative that the frameworks (used in Chapter 5 and 6) used are 
flexible, fit the local conditions, are able to integrate with different system components, can handle 
variability and uncertainty, and most important, are easily understood by all stakeholders (Cain et al., 
2003). The conceptual model development involved iterative activities, including expert meetings 
and stakeholder consultations, with the model then being refined in the model evaluation stage. The 
building of conceptual models finally aims at capturing the objective and scales of the model, to 
provide a clear representation of the system and address stakeholder concerns and needs. 
Furthermore, the models help clarify system understanding and identify priorities and knowledge 
gaps.  
Following the model boundary construction, a detailed cause and effect relationship among 
parameters in the boundary is established through a series of consultations with stakeholders. The 
consultations involved stakeholder mental models that express the logic and information they gather 
from their knowledge and real life experience. Feedback structures are also developed during the 
cause-effect model construction. The feedback structures aim to indicate and guide policy decisions 
to overcome and change system behaviour to achieve a desired level of performance. As a result, a 
qualitative Causal Loop Diagram (CLD) relevant to the drivers in the study area is established. 
Data Collection and Analysis for Stage 2 is described in detail in the methods sections in Chapter 5 
and Chapter 6. The results of data analysis in Chapter 5 answers RQ 2. All the information and 
analysis results in this stage were used to improve the author’s understanding for the construction of 
a Bayesian Belief Networks model formulation as for Stage 3. 
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 Stage 3- Model Formulation  
One formal approach to developing environmental management strategies involves two steps. Firstly, 
the management options available need to be identified, and secondly, decisions be made as to 
whether these options should be implemented.  
Stage 3 (Chapter 6) was undertaken following Stage 2, and was based on the Stage 2 outputs, 
including the identification of   endogenous and exogenous variables that are described in Chapter 5 
in the Bayesian Belief Networks (BBN) modelling. Stage 3 initially involved a survey of stakeholders 
and experts to obtain insights into effectiveness, to maximise the impacts of wetland grassland 
conservation and to ascertain how the wetland biodiversity conservation would be able sustain the 
local communities, and vice-versa.  
In this process, after developing the model’s structure and estimating the conditional probabilities, 
the BBN for the Phu My grassland conservation needed to be evaluated. Model evaluation tools 
included qualitative feedback from experts and stakeholders, and/or the comparison of model 
predictions with literature data or with the results from similar models. Quantitative model evaluation 
includes sensitivity analyses and assessments of predictive accuracy. Predictive accuracy refers to a 
quantitative evaluation of the model, by comparing model predictions with observed data (Pollino et 
al., 2007). Sensitivity analysis tests the sensitivity of model outcomes to variations in model 
parameters (Pearl, 1988). Sensitivity analysis in BBNs aims at measuring the sensitivity of outcome 
probabilities to changes in input nodes or other model parameters. The potential effects of alternative 
management strategies on the entire Phu My grassland conservation system can be simulated, and the 
most influential decision-making criteria in terms of the greatest effect on the performance of the 
system, can be identified. Also, scenario and sensitivity testing of the model helps to identify the 
optimal levels of policy management variables. Comprehensive guidelines on the application of 
BBNs in support of participatory planning have been  provided by Cain (2001), Bromley (2005) and 
Pollino and Henderson (2010). The details of the process of model formulation and simulations are 
briefly described in Figure 2.12, with greater detail being given in Chapter 6. 
 
In summary, this stage answered RQ2 through deploying a systems thinking approach for identifying 
a combination of human activities (social systems) and natural events (ecological systems) which have 
been affecting land-cover changes, and the loss and degradation of the wetlands in the Phu My 
Lepironia grassland conservation area. 
Nguyen Huu Hoang-2017         39 
 
 
 
 
 
 
 
Figure 2.12 Major steps in developing a Bayesian Network [Adapted from Ticehurst et al. 
(2011)]. 
 Suitability of the “Systems Approach” methodology to assess the drivers of 
wetland loss and degradation  
The adoption of the “systems approach” methodology contains many issues and facets which makes 
it very complex. When dealing with a highly complex problem, it helps when the problem is seen 
within the context of a system. In a highly regulatory, very uncertain, dynamic and complex 
landscape, like the wetland ecosystems, decision makers, leaders, managers and scientists, are under 
increasing pressure to make the right management decisions (Nguyen and Bosch, 2013). The 
traditional reductionist approach based on isolation and analysis is no longer to be the only option for 
achieving an understanding of local and global problems.  Regardless of whether these problems are 
in a social, natural, political, business, governmental or scientific environment, the involved decision 
In summary, this stage answered RQ3 through exploring experts and stakeholder opinions, and 
through an understanding of the causal links and that the effectiveness of the Phu My Lepironia 
grassland biodiversity conservation is associated with sustaining the local communities’ livelihood 
activities. It also provides a systematic top-down and participatory conceptual policy framework with 
the aim of enabling interventions for sustainable ecosystem services. 
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makers, scientists, or any other stakeholders,  are faced with problems which are highly complex in 
nature (Bosch et al., 2013). Cooperative modelling combines principles of collaboration with systems 
dynamics, to link relevant physical and social systems (Cockerill, 2010). In order to achieve the stated 
goals of wetland management, the Ecosystem Approach promotes the management of natural 
resources at the landscape level (such as the river basin or catchment), while recognising the need for 
engaging a variety of sectors and stakeholders. The Ecosystem Approach was therefore appropriate 
for this study which emphasises the importance of maintaining ecosystem functions for both 
biodiversity and human livelihoods (Alexander, 2013; Wrona and Cash, 1996).  
The concept of systems increasingly plays a crucial role in the modern world. The systems approach 
has been widely applied to assist in achieving an understanding of  complex social, economic and 
environmental systems, integrating the analytical and the synthetic methods, while encompassing 
holism (Clayton and Radcliffe, 1996). The systems approach uses systems thinking which considers 
the inter-relationships of all elements comprising the total system, rather than concentrating on 
specific component parts (Shannon, 1975). The interactions among all components of the system can 
potentially  generate outputs that represent the properties of the entire system (Checkland and Scholes, 
1990), thereby assisting development planners and decision-makers in understanding the complex 
world. The systems model can be used as a simulation model to test the possible outcomes of different 
systemic interventions by observing what will happen to the system as a whole when a particular 
strategy or combination of strategies is implemented, before any time or money is invested in actual 
implementation. According to Bosch et al. (2013), this is a powerful way of determining where to 
invest time and resources, instead of having only a list of recommendations, without an understanding 
of how they are interconnected, which ones are the most important to invest in and in what order the 
strategies should be implemented to ensure an efficient and cost-effective plan of action. 
 Bridging between Systems Thinking and the Bayesian Belief Network 
Systems thinking is basically the tool used in the systems approach. In other words, systems thinking 
is a trans-disciplinary “framework for seeing interrelationships rather than things, for seeing patterns 
of change rather than static snapshots” (Nguyen and Bosch, 2013). According to Flood and Jackson 
(1991), systems thinking has emerged as a tool for  explaining complex phenomena which could not 
be tackled using the traditional or mechanism form of analysis. It was later confirmed  by Smith et 
al. (2007a), that the systems thinking approach appears to be more appropriate and most suitable 
solution for  multifaceted complex problems. Historically the linear thinking approach for  
biodiversity conservation was narrowly focused  on characterizing the attributes of observable 
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patterns, with  less attention being given to processes in the dynamically complex system (Sterling et 
al., 2010). The challenges of sustainability are complex and ever changing, and require the 
development of effective mental models in the face of rapid social, political, economic and 
technological changes that support adaptive transition to sustainability. The systemic thinking 
approach has provided an innovative means to analyse and explore the dynamically complex wildlife 
conservation system, while avoiding the unintended consequences emerging from the traditional 
methods. In this view, Nguyen and Bosch (2013) have proposed that critical systems thinking is the 
way for development practitioners to conceptualize and act in reference to the integration of social, 
environment and economic dimensions of sustainability which support communities to address the 
challenges of improving both human and ecosystem well-being. Bosch et al. (2013) have argued that 
the use of systems thinking approach helps to leverage management complexity relative to other 
approaches. 
The systems approach of stakeholder involvement that is embedded in systems thinking leads to a 
model that represents the mutual understanding of stakeholders and their current knowledge base for 
decision-making. However, this knowledge base is rarely perfect because natural systems are 
complex, and their management takes place against a background of continuous and unpredictable 
changes in environmental, economic and social conditions. Within this context, the uncertainties in 
achieving the desired resource management outcomes remain high. On the other hand, in order to 
cope with all the different types of uncertainty of various sources, a suitable analysis methodology 
needs to adjust to these problems. Dealing with such soft data increases the uncertainty, and therefore 
a model needs to be created which is able to handle this interpretative data. When hard data is 
available the model should be able to handle this simultaneously. In this regard, the elective 
methodology used in this study is able to address and tackle the above issues and constraints.   
The systems thinking approach was used by collating the mental models of different stakeholders and 
formulating them into a Bayesian Belief Network (BBN). Using the BBN as a mechanism for systems 
thinking entails effective stakeholder communication and knowledge sharing. BBNs are useful when 
physical probabilities are not available and more subjective probabilities or evidential probabilities 
are available. A large variety of BBN applications can be found in a growing number of disciplines. 
BBNs have been used in relation to studies on  number of ecological problems (Aalders, 2008; 
Aguilera et al., 2011; Liedloff et al., 2009; McCann et al., 2006; Pollino et al., 2007), and in integrated 
natural resources management and catchment modeling (Ames et al., 2005; Bromley et al., 2005; 
Castelletti and Soncini-Sessa, 2007b; Keshtkar et al., 2013). In natural resource management, BBNs 
have been used to analyze the effects of land planning on wildlife (Howes et al., 2010; La Morgia et 
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al., 2008; Marcot, 2006), and in conservation planning for potentially rare and endangered wildlife 
species (Marcot et al., 2006a; Steventon, 2008). BBNs have also been applied to landscape 
management (Bacon et al., 2002; Ticehurst et al., 2011) and management of ecosystems and 
biodiversity (McCann et al., 2006; Nyberg et al., 2006; Pollino et al., 2007; Shenton et al., 2011). 
The flexibility of BBNs can  be modified and validated as new data becomes available, and this has 
also made them practical decision-making tools (Smith et al., 2007b). In particular, BBNs are well 
suited to an adaptive management framework for complex natural resource management problems 
involving uncertainties of knowledge and causes of impact (Henriksen and Barlebo, 2008; McCann 
et al., 2006). For example, several studies have employed BBNs to integrate various combinations of 
social, ecological and economic factors to undertake both future forecasting and current situation 
analysis, making them applicable in  a variety of contexts and socio-ecological systems (Drees and 
Liehr, 2015; Haines-Young, 2011; Hoshino et al., 2016; Liedloff and Smith, 2010; Newton et al., 
2006; Rieman et al., 2001). 
In the perspective of managing complex issues Bosch et al. (2013) found that computer-based 
modelling systems can be useful tools for exploring and making  management action decisions that 
are more systemic than the decisions produced by traditional approaches. Of particular importance is 
their ability to be used within a participatory process, to enable knowledge capturing, testing and 
refinement of multi-stakeholders. Used in this way, a computer-based modelling system (such as a 
BBN) can (a) provide a flexible modelling environment, (b) allow uncertainty in knowledge to be 
expressed using probabilistic relationships, (c) allow biophysical, economic and social variables 
(either quantitative or qualitative) to be related, (d) enable a graphical (flow chart) interface that is 
easily understood and facilitates communication between stakeholders, and (e) can be easily updated 
(e.g. nodes added or removed, links changed and probabilities updated) as new knowledge emerges, 
without the need for specialist computer skills  Using the BBN as a participatory tool, this model was 
constructed by researchers using data obtained from a range of stakeholders from surveys and other 
social research methods, including focus group discussions and the nominal group technique. The 
model has subsequently been used to identify which factors most influence key outcomes, such as 
harvesting grass quality, grass exploitation sustainability and grassland and biodiversity conservation 
efficiency. The simulation of the BBN model is also used to valuate options for wetland management 
policies under different scenarios. 
The method applied combined two established modelling techniques: systems thinking (ST) 
(Checkland, 1981; Forrester, 1968; Senge, 1990; Sterman, 2000) and Bayesian Belief Network 
(BBN) (Bosch et al., 2007b; Richards et al., 2013; Shenton et al., 2011; Smith et al., 2007a). Both 
Nguyen Huu Hoang-2017         43 
 
are suited to assessing wetlands management when there are limited data, because they facilitate the 
direct involvement of stakeholders, cater for both deductive and inductive logic, and explicate 
stakeholder mental models with their probable, causal relationships, that form the basis for action by 
stakeholders (Fu et al., 2011; Kipkemboi, 2006; Maclean et al., 2011; van Dam et al., 2011; van Dam 
et al., 2013). The methods are also complementary. Systems thinking is used in this context to address 
real life natural resource management issues with a range of stakeholders and also provides a 
framework for systems practice, a way of thinking holistically about real problems and modelling 
complex systems (Sterman, 2000), while BBNs are able to complement limited available data with 
expert knowledge and can account explicitly for uncertainties (Aguilera et al., 2011).  BBNs are 
suitable for small or incomplete data sets (i.e. missing or little data availability), and typically can 
yield good prediction accuracy even with a small sample size, given that the model structure is well 
defined (Uusitalo, 2007). Also, BBN is a powerful tool which can be used for the fusion of 
information coming from disparate sources with varying degrees of reliability. That is, where “hard” 
data (survey, model and/or monitoring data) are not available, probabilities can be entered manually 
through expert knowledge. Thus, hybrid sources of data (historical data, expert knowledge) can be 
used to overcome historical data limitations (e.g. where historical trends are not good predictors of 
future events) or to enhance the model performance (Uusitalo, 2007). Further, they are particularly 
useful for providing a structured framework for integrating disparate types and sources of knowledge 
(published material, stakeholder and expert experience) in data-poor and knowledge-ambiguous 
settings (Ban et al., 2014; McCann et al., 2006). Hence, systems thinking can make explicit 
conceptualizations of the key elements of a socioecological system, while BBNs can address causality 
(probabilistically) with estimated likelihoods and consequences of nested determinants (Richards et 
al., 2013).  
 Summary and remarks 
The ecosystem-based approach in wetlands and biodiversity management is an integrated method for 
conservation, equal benefit-sharing and sustainable use of natural resources, the identification of   
products and services, land and forest allocation for local people for plantation and product 
management. The term “ecosystem-based approach” is likely new to Vietnam, where the designation 
of new and extended nature reserves is only part of the solution to the problem of biodiversity loss.  
The MD wetlands, particularly the HTP wetlands’ ecosystems, continue to face severe pressures, 
despite many benefits they provide to people and many conservation and restoration successes from 
recent efforts at local and national levels, with the support of international aid organizations. Although 
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there remains an incomprehensive assessment by the state of the remaining wetlands, many are 
recognised as having deteriorated and/or have been degraded.  Given the increasing demand of land 
for aquaculture and the rice industry, limestone quarrying and peat-coal mining, the local government 
is likely to reduce the 1,200 ha of protected remnant grassland area to about 800 ha(2). The on-going 
conversion of wetlands in the MD should be assessed within the context of compliance to the Ramsar 
Convention’s commitment of increase the area of wetland under protection. Furthermore, the trade-
off between the degradation of the wetlands ecosystem and social-economic benefits should be taken 
in the context of integrative planning and decision-making of land use and natural conservation. 
This chapter has presented the rationale for using a Systems Approach to address the research 
problem. The Systems Approach methodology is used throughout this research with the aim of 
capturing counter intuitive behaviour, nonlinearity, dynamics, causality and endogenous behaviour, 
that are exhibited in the drivers of wetland ecosystem change in the study area. The description of the 
study area is expected to provide a better understanding of the problem structure in the area and be 
treated as the basis of the information and author’s understanding in the modelling formulation 
process presented in Chapters 5 and 6. 
 
 
 
 
 
 
 
 
                                                 
(2)http://www.kiengiang.gov.vn (http://www.kiengiang.gov.vn/index2.jsp?menuId=396&articleId=23912) 
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Chapter 3. A historical review of the drivers of wetland degradation in 
the Mekong Delta of Vietnam 
Hoang Huu Nguyen, Dargusch P., Moss P., and Tran Binh Da. 2015.  A review of the drivers 
of 200 years of wetland degradation in the Mekong Delta of Vietnam. Regional Environmental 
Change, 74(16):1 - 13. doi:10.1007/s10113-016-0941-3. 
This chapter develops a historical framework of the drivers of wetland degradation and identified a 
few parameters that most affected the actors of wetland conversion decisions. The history of wetland 
loss and degradation was divided in five consecutive periods reflecting the political systems that 
affected the changing wetland policy in Mekong Delta. Following an overview of the historical 
review, the last two sections provide the theoretical assessment of the drivers. From this assessment, 
we found seven historical parameters that continue to influence wetland loss today. The discussion 
of the major immediate caused of wetland loss and degradation highlights the requirements from the 
government to tackle the drivers in the future to reduce the pressures on wetland ecosystem health in 
Mekong Delta.   
 Chapter summary  
This paper examines the anthropogenic factors that have contributed to wetland loss and degradation 
in the Mekong Delta (MD), Vietnam, from 1816 AD to the present. The analysis is framed over five 
historical periods and highlights the roles that seven drivers of wetland degradation have played in 
the MD, including: resettlement and economic development policies; population growth and 
urbanization; demand for food and reclaiming wetland for agriculture, construction of canals, 
construction of dike flood protection systems; expansion of travel systems (waterway and roads); and 
exploitation of wetland natural resources. Of these, government policies for resettlement and 
economic development seem to have had the greatest impact on wetland loss and degradation in the 
MD throughout the course of history. As a result of these factors, only 0.068 million ha of the original 
4.0 million ha of the MD currently remains as a primary swamp forest ecosystem. History suggests 
that future management of the MD should take a holistic approach that includes a better understanding 
of the implications of past decisions on wetland losses. 
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 Introduction 
Stretching about 200 km from the border of Cambodia and the South China Sea, the Mekong Delta 
(MD) is one of the largest delta systems in the world. It is located downstream of Kompong Cham 
province in Cambodia, and covers a total area of 4.95 million ha, of which 4.0 million ha (74 %) is 
located in Vietnam and the remaining 26 % in Cambodia (Hoa et al., 2008; White, 2002). The MD 
(from here, referring only to the part of the delta in Vietnam) comprises generally fertile alluvial soils, 
of which 2.4 million ha is now used for agriculture and aquaculture, 0.4 million ha for forestry, and 
the remaining area for settlement and construction (Clough et al., 2000; Leinenkugel et al., 2011). 
Meanwhile, the total protected wetland area in MD constitutes only 1.7 % of the whole delta (Buckton 
et al., 1999; Vietnam-EPA, 2005). The MD (Figure 3.1) plays a very important role in the agricultural 
and aquaculture production of Vietnam [i.e. producing 50 % of the nation’s rice yield that contributing 
more than 30 % of the nation’s Gross Domestic Product (Evers and Benedikter, 2009)]. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 Map of Mekong Delta with the different wetland ecological zones [Source: Vormoor 
(2010)]. 
The human exploitation of the MD has led to changes in natural hydrological, ecological and 
morphological processes. Drainage and canal construction for agriculture and transport first occurred 
over 1000 years ago (Biggs, 2004). Canals were constructed primarily for transport (Paris, 1931). 
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Large-scale canal construction for irrigation and drainage commenced in the late nineteenth century 
by the French and continued until the end of Second Indochina War in 1975 (Sluiter, 1993). A more 
recent phase of canal construction commenced after 1975, under central government schemes for 
irrigation and land reclamation for rice production, resulting in more than 10,000 km of major canals 
(Hashimoto, 2001; Hoa  et al., 2007; Miller, 2006). These canals have dramatically changed the nature 
of the delta and profoundly altered the basin’s water regime lower delta and the coastal areas 
(Hashimoto, 2001; White, 2002), as excessive drainage of surface water from the wetlands has 
reduced the average period of flooding in the low land areas from 12 to 4-6 months (Hanhart and Ni, 
1993; Ni et al., 2003). Today, the MD is one of the most heavily populated regions of Vietnam and 
many areas of former swampy terrain and dense wetland forests (Biggs, 2004; Mather, 2009) have 
been transformed into residential areas  and farms (Smardon, 2009b; Torell and Salamanca, 2003). 
The MD, which was once one of the world’s great wetlands, has now become a rice bowl (Käkönen, 
2008), with only about 1-1.5 % of the wetlands remaining in their  natural or semi-natural states 
(Hashimoto, 2001; Mather, 2010). 
Without a detailed understanding of the implications of past decisions, it is difficult to reduce the rate 
of ecological alteration and degradation and find more sustainable solutions. Therefore, 
understanding the dynamics and drivers of regime change is essential for effective wetlands 
management. According to Finlayson (2014), the Emerging Baselines (EB) concept can be used to 
describe the ecological character of a wetland as part of a management plan, in order to determine the 
causal processes, the drivers of human-modified system or components of the system. The statistical 
analysis of the different effects of these historical drivers on the baseline will facilitate achieving an 
understanding of the relationships between the wetland and human drivers of change and biodiversity. 
 A history of wetland loss and degradation 
The destruction of wetland began with permanent settlement in Mekong Delta. Though wetland 
drainage was widespread prior to 1600s. The wetland has, however, undergone substantial hydrologic 
disturbance since the beginning of the twentieth century, due to human activities such as the 
construction of dikes for flood prevention and sluices for saline control and the expansion of 
farmlands into the dense tropical wetland forests. These will have a profound impact on the people, 
landscape and biodiversity of the delta for the foreseeable future. However, few complete records and 
systemic studies on historical wetland conversion in MD exist and a thorough understanding of the 
consequences of these changes is limited. It is interesting to understand how changes in and what 
effects these changes had on wetland’s landscape. Historical review and knowledge of MD’s wetland 
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development is therefore crucial for not only understanding the land use history but also for planning 
a sustainable future of delta. 
 Before 1600s to 1836: Great March South of Vietnam 
The history of wetland loss and degradation in the MD can be divided into five historical periods 
(Figure 3.2). The first period was before 1836, when the Nguyen Dynasty expanded the frontier of 
the country to the south. This era can be named “Early delta settlement and southward expansion”. 
Before the Nguyen Dynasty, the Vietnamese began to migrate southwards out of the Red River Delta 
(from the North), forcibly occupying territories formerly controlled by the Cham and Khmer 
kingdoms (Son Nam, 1994). Villages were established by these migrants as the military frontier 
moved southwards down the central coastal plain and into the upper MD (Rambo, 1977; Son Nam, 
1994). In another study, Biggs (2004) suggested that in the 1600s the Vietnamese and Chinese settlers 
from Bien Hoa migrated to the MD where land was still densely covered by swamps and forests. 
However, after 1816 the Nguyen Dynasty launched a stronger program with the major policy to 
demarcate and expand the settlement (Son Nam, 1994). This program was strongly amplified within 
1816-1836 with two main activities [firstly, the Vinh Te and Thoai Ha canals were constructed, based 
on the naturally small streams that became the border between Vietnam and Cambodia; and secondly, 
land was allocated for rice cultivation and residential development (Figure 3.2 and Appendix A)]. 
Consequently, about 130 km of canals and 310,000 ha of rice land were recorded in this early phase 
(Biggs, 2003; 2004; Son Nam, 1994). The population of the MD in this stage was not recorded clearly.  
However, there were approximately 50,000 people involved in these dredging activities in the early 
stage of the Nguyen Dynasty (Biggs, 2004; Son Nam, 1994). 
 1866 to 1936: French colonization - the era of “la mission civilstrarice” 
The second period of wetlands degradation started from 1866 when the French colonized Vietnam, 
marking a new epoch of “la mission civilistrarice” or “civilizing mission”. Starting in the 1860s, a 
century after the Vietnamese migrants settled in the delta, the French established a colony in southern 
Vietnam (Biggs, 2004; Miller, 2006). The French colonists soon declared its “la mission civilstrarice” 
(Maspéro, 1929) to control the land (Cleary, 2005), and to exploit and generate revenue for the 
colonial power (Barker and Molle, 2002). The mission focused on four major activities:  water 
draining and opening land for settlement and agriculture; expansion of canals; expansion of 
navigation networks; and expansion of rice production (Figure 3.2 and Appendix A)]. Similar to the 
Nguyen Dynasty, the French colonists firstly continued with the construction of a canal network that 
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was used primarily for strategic purposes (Reis, 2012), and so began an era of the intensive and 
extensive drainage (Biggs, 2004) aimed at developing agricultural production. The length of canals 
rose dramatically after 60 years under the French mission era, with the mechanization of dredging 
work largely replacing  manpower (the canals length increased from 130 km from the previous stage 
to about 1,790 km at the end of this period (Pasquier, 1930; Son Nam, 1994) in 1936, see Figure 3.2).  
In addition, over 80 % of forests in the west of the delta were cut down and 1.4 million ha of land 
were drained (Brocheux, 1995; Callison, 1983). As a result of the combination of the efforts of settlers 
and mechanization, the total land area drained for agricultural use  increased from 349,000 ha in 1879 
to over 2.4 million ha in  1929 (Biggs et al., 2009; Hickey, 1964; Pasquier, 1930; Son Nam, 1994), 
while 165 million cubic meters of soil was dredged (Pasquier, 1930), which resulted in irreversible 
changes to the delta’s landscape, ecology and society (Biggs, 2004; de Nijs and Shannon, 2010; 
Miller, 2003; Shannon, 2009). To fulfil this mission and provide labor for plantations in the MD, an 
average of 73,000 people per year, from 1881 to 1921, moved into the area to reside along the new 
canals (Biggs, 2010; Son Nam, 1994). Consequently, this era was likened to a frontier boom of 
migrants on a new Great South March in the late 19th and early 20th centuries (Biggs, 2010; Miller, 
2006). As a result, the population of under 500,000 in 1869 increased to almost 4 million people by 
1930 (Biggs, 2004; Biggs et al., 2009; Rambo, 1977; Son Nam, 1994).  
The French colonial government launched a primary strategy of development in the MD that was 
focused on military and navigation objectives. Within this scheme, agricultural production was 
largely neglected (Miller, 2006). By 1930, after more than 30 years of new waterway construction 
and the opening up of the MD, the colonists realized that the watercourses could be used for both 
navigation and agricultural cultivation, so the strategy of reshaping the delta shifted towards 
agricultural industry development. The main focus during this new era was to securing substantial 
increases in rice production through infrastructural developments (Cleary, 2005) involving a grid of 
irrigation and drainage canals with large pumping stations and flood gates (Biggs, 2005a). The 
dredging was aimed at producing a more rigorous and micro-managed hydraulic system for enhancing 
intensive agriculture (Biggs, 2005a; Evers and Benedikter, 2009).  
The draining of swamp forests, and the alteration of  a large part of the delta caused significant 
deterioration of the delta’s ecology which  had serious repercussions, forcing thousands to abandon 
their fields and causing social unrest (Biggs, 2004). From 1900 to 1930, Public Works and a private 
French dredging enterprise’s excavation had ultimately drained most of the 2-million ha forest and 
facilitated clearing the land for plantations after burning off the peat and root systems in the spring 
dry season (Biggs, 2005b). Forest destruction also played an important role by eliminating natural 
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buffers to water acidity which became one important ecological factor in the growth in abandoned 
land was the buildup of alum (aluminum sulfate) from canal drainage in these areas. After just a few 
years of cultivation, tenants abandoned these plantations, leaving wide landscape of “wasteland”. The 
worsening political and economic situation of the French colonial regime by 1945 was in-large part 
a result of these mounting social and environmental changes from the failures of constructing of 
settlement areas to change the form of agricultural life in the MD. Instead of reshaping the MD 
landscape and draining the wetlands to build an endless horizon of rice, however, the delta 
modification project severely destroyed the ecology of the wetlands, and left the delta as treeless 
horizons of “abandoned lands” (“terres abandonees” in French) in Long Xuyen, Dong Thap and 
Ca Mau (Biggs, 2004). The excavation program and infrastructural maintenance works were largely 
halted during “transition stage” (1931 to 1953). The delta’s landscape became severe, with  parts of 
the delta’s degraded land being gradually restored as wetland (Biggs, 2004) (Figure 3.2).  
 1931 to 1953: Failure remedy of past waterway construction - the 
development of Scientific Casier model 
In response to a complex agricultural crisis from the free fall in rice export prices in 1930, combined 
with several floods, the colonial ideas about landscape and agricultural development in the MD, were 
to focus on development of new “casier model” (the encasement of land and people within a 
surrounding flood dike) in the flooded western delta. French engineers and scientists adopted the 
Northern Vietnam traditional agricultural practices, in which landscapes were subdivided into many 
cells of dikes and canals. They used the term “casier” to describe this case-like landform. Tonkinese 
(people from Northern Vietnam) immigrants and local workers had dredged a grid of irrigation canals 
13 kilometers by 3 kilometers, using mechanical dredges, and maintained with diesel water pumps. 
In this project, along with the dredging of a new primary grid of irrigation canals, many intersectional 
canals were dug that divided the delta’s landscape into a terrestrial “chessboard” (Biggs, 2004; 2010; 
2011a). 
According to Biggs (2010), the dredging contracts of the French colony extended from 1893 to 1951. 
However, the economic crisis in 1930s along with the escalation of the anticolonial war (1945-1954), 
undermined the construction of new canals. In 1939, the French engineers abandoned the construction 
of casiers as military forces fought for control of the territory (Biggs, 2011a) and there was little 
maintenance of the network (Shannon and de Nijs, 2011). Until being overthrown in 1945, the 
colonial government carried out just a few small settlement projects in Long Xuyen Quadrangle - the 
western region of MD (Biggs, 2005a). The colonial government was soon reformed, and the MD then 
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became a battle ground again. Subsequently, the delta’s infrastructure and landscape were severely 
deteriorated after a long time of no repair (Biggs, 2004). 
 1954 to 1974: Delta-wide development under the American tutelage and 
war-torn damage 
The main policies for the MD in this period focused on “permanent implantation” (Biggs, 2010) of 
people to the rural areas and “the Green Revolution” for improvement of rice production. At the end 
of French regime, an immense area of the delta’s wetlands was abandoned, with a number of canal 
excavation projects not being completed. To protect the delta from insurgence and in a scramble for 
land, the political priority of the South Vietnamese government was to expand settlements to the more 
isolated regions of the delta, and to reclaim wasted land by adopting a Casier-style resettlement 
system, similar to that proposed by the French (Biggs, 2010). The wetland destruction was enabled 
through a variety of legislative and policy instruments. One of these was the establishment of 
“Agrovilles” or “strategic hamlets” in the “no man’s land” abandoned by the French  (Biggs, 2004; 
2010). 
Having failed to develop a systematic understanding of the whole delta, the Americans, along with 
international consultants, conducted a series of scientific studies to achieve a deeper understanding 
of the MD hydrological landscape and biodiversity. In response  to suggestions based on  these 
studies, to sustain the rural livelihood and reinforce the Agroville policy, the government of South 
Vietnam had promoted the Green Revolution as the onset of the modernization of the agricultural 
industries,  with an array of activities involving the  introduction of new technologies, including high 
yielding varieties of rice, chemical fertilizers and pesticides, mechanized land preparation and the use 
of portable diesel pumps (Miller, 2006; Vormoor, 2010). In addition to these changes, by the late 
1970s, the dredging and draining of the delta was recommenced to control water flow in and out of 
the delta (Evers and Benedikter, 2009). Unfortunately, with the escalation of the war the program was 
seriously interrupted, regardless of its positive contribution to agricultural improvement. In addition, 
the MD’s landscape was dramatically impacted by the Green Revolution, and driven by land use 
changes and rapid infrastructure development in support of  improvements in  agricultural practices 
(Can et al., 2007) (see further explanation in the fifth stage).  
In addition, the war profoundly altered the physical landscape of the MD. When it came to increase 
the technical involvement and physical construction activities of the U.S. in 1965, the dredging 
programs were dramatically expanded through mostly isolated military base projects and alongside 
new highways. In the 1960’s, as the presence of U.S. forces significantly  increased in  South Vietnam, 
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the MD landscape changed dramatically with the widespread excavation of canals and the 
construction of airstrips, highways and military camps (Biggs, 2004). From 1961, the wetlands were 
also transformed through the wartime use of chemical defoliants, causing extensive damage to swamp 
forests, and other ecological losses. Of the total 800,000 ha of wetlands in POR, 325,000 ha of forest 
was cleared or drained. Furthermore, herbicides and napalm bombings damaged an estimated 4.9 
million ha of forest, within which 124,000 ha of mangroves and 27,000 ha of Melaleuca forests were 
lost (Binh et al., 2005; HCL, 1998; McElwee and Horowitz, 1999). 
 1975 to the present: Closing off the delta after united nation  
In the fifth period, the MD underwent two phases (1975-1985 and from 1986 to the present) of 
reconstruction, immediately after the Second Indochina War finished, and then an economic 
agriculture and aquaculture boom. The Vietnamese government had restructured agricultural 
production by applying two major policies (infrastructure and economic development; and agriculture 
collectivization and state control) with three main activities (the establishment of new economic 
zones; population mobilization and rehabilitation; and clearing land for agricultural use). In the 
second phase (post 1986) three significant policies were implemented (intensive and extensive rice 
and aquaculture development; water control and flood regulation; and wetland conservation 
establishment) with three main activities (construction and expansion of canals; soil reclamation; and 
large-scale construction of canals, dikes, and roads). The focus of the development initiatives was the 
further exploitation of the lucrative resources of the delta. During this phase, more than 1 million ha 
of wetland were drained and converted to cultivated land (Figure 3.2).   
The destruction caused by the war (1954-1975) seriously strained Vietnam's economy. After 
reunification in 1975, the economy of Vietnam has been plagued by enormous difficulties in 
production. Worst, the country's critical agricultural infrastructure had been badly damaged. The 
market economy was changed to a socialist planned economy, characterized by agricultural 
collectivization and state-control of commodity production (Beresford, 1989; Fforde and de Vylder, 
1996). Furthermore, from 1976 to 1980, the state policy designated the establishment of  New 
Economic Zones (NEZs), which covered the MD (Hill, 1984). The new settlers were given financial 
incentives to settle and drain areas for crop production in different regions of the MD that had suffered 
degradation during wartime and had been excluded from regular agricultural cultivation (Hill, 1984; 
Kono, 2001). The socialist planned economy and collectivization, however, were never fully 
implemented in the MD which led to a food shortage in the whole region in late 1970s (Pingali and 
Xuan, 1992). 
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The steadily increasing area of land available for agriculture and aquaculture in Vietnam since the 
introduction of “DoiMoi” policy (or economic reform) in 1986 has come from draining (Hill, 1984) 
and converting many of the swampy marshes and forests in  the western part of the MD, into shrimp 
ponds (Benthem et al., 1999; de Graaf and Xuan, 1998). The delta suffered more anthropogenic 
damage in the 1980s and early 1990s (Hashimoto, 2001; Kono, 2001; Le Meur et al., 2005), when 
large-scale construction projects for draining the wetlands (Hoa et al., 2008) were implemented,  to 
intensify rice production (Binh, 2010; Le et al., 2007; Miller, 2006; Truong and Nguyen, 2002) and 
aquaculture (Binh, 2010; Nhan et al., 2007; Trung et al., 2006). This development has been in line 
with the Mekong Delta Development Program proposed in 1968 (Biggs, 2004), with the objective 
being to “close off” the delta to floods and saline water intrusion, to make the farming systems less 
dependent on natural conditions and expand multiple cropping to former flood-prone and brackish 
areas, thus reversing the phase of “opening up the delta” (MRCS/WUP-FIN, 2007). 
The rapid expansion of rice production, based on the natural resource exploitation in the fifth stage, 
has made the MD become the “rice bowl” of Vietnam. The MD’s extraordinary economic growth 
had contributed to an exit from a long-term food deficit country in the late 1970s, to having it become 
a significant economic region of Vietnam, since 1989. Until 2009, the MD annually produced more 
than 20 million tons of rice, and an approximate of 5 million tons of fish and shrimp, for domestic 
consumption and export (Fabres, 2011a; Lan, 2011). However, the “rice bowl” was established on 
the back of the degradation and removal of the natural Melaleuca swamps and coastal mangrove 
ecosystems. 
During the fifth period, all canals, agricultural land, and population of the MD, dramatically increased  
(15,000 km of main canals were constructed (Vietnam-Netherlands Corporation, 2011), agricultural 
land expanded to an estimated of 3 million ha, and the population increased to 17.26 million people 
(Figure 3.2)). This intensification of human activities has had negative impacts on the wetlands’ 
environment of the MD. 
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Figure 3.2 Historical  lines of loss and degradation of the natural primary wetlands in Mekong Delta of Vietnam and the impacts of 
anthropogenic activities and land use policies [Sources: data collated from Pasquier (1930), Xuan and Matsui (1998), Owada-Shibuya (2003), 
Vietnam-Netherlands Corporation (2011), and GSO (2014b)]. 
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 The drivers of wetland loss 
Wetland loss or degradation is the result of the interaction of a wide range of social and economic 
processes. Frequently-cited anthropogenic causes of wetland loss and degradation include, wetland 
drainage and conversion for crop production, aquaculture, conversion for logging, construction of 
canals, dikes, dams and urbanization, e.g. (Millennium Ecosystem Assessment, 2005; Moser et al., 
1998). Concern in identifying the drivers of deforestation and forest degradation, and the attempts to 
address those drivers, has been an important discussion point in global climate change negotiations 
(MA 2005). There have been a number of attempts to investigate the drivers of wetland, however, a 
more comprehensive analysis of the most important drivers of wetland conversion at temporal and 
spatial scale is currently lacking. Similarly, while many remaining Mekong Delta wetlands are being 
degraded and losing valuable functions and values, there was little data available to illustrate the 
problem.  
Wetlands loss did not happen all at once. Events in history, technological innovations, and society's 
values had all contributed to the destruction or preservation of the delta’s landscape. Historical events, 
technological innovations, and values of society sometimes had destructive effects on wetlands. Even 
today, all of the effects of these losses might not be fully realized. Moreover, diﬀerent wetland types, 
due to their location, are aﬀected by diﬀerent drivers of change. Therefore, study of the historical 
wetland degradation by examining why, when and how it happened, aims to elucidate the processes 
driving wetland. van Asselen et al. (2013) concluded that meta-analysis of drivers of wetland 
conversion helps to identify commonalities across the various local case studies and identify which 
variables may lead to individual cases to behave differently. (Geist and Lambin, 2001) strongly 
argued that a single or a few parameters cannot represent drivers of tropical deforestation because all 
parameters affect each other in a systemic framework. The authors suggested that because 
deforestation involves a complex array of interrelated factors, further studies should adopt a systems 
perspective and have a principal focus at local and landscape scales. 
Based on the historical line analysis illustrated in Figure 3.2, and the framework for identifying 
proximate causes and underlying driving forces of wetland conversion proposed by Geist and Lambin 
(2002) and van Asselen et al. (2013), seven primary factors were identified which are closely 
connected to the wetland loss and degradation in the study area; these factors are: resettlement and 
economic development policies; population growth and urbanization; demand for food and 
reclamation of  wetland for agriculture; construction of canals; construction of dikes flood protection 
systems; expansion of travel systems (waterway and roads); and exploitation of wetland natural 
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resources. Proximate causes are human activities or immediate actions which directly cause wetland 
conversion, such as expansion of arable land and urban land. Infrastructure construction (e.g., roads, 
dams, canals, dike constructions) and the reclamation of wetland for agriculture are the other 
important proximate causes of wetland conversion. Population growth and economic growth were 
the most important underlying driving forces of wetland conversion. The Causal Loop Diagrams of 
the natural wetland loss were developed from the seven identified variables (Figure 3.3). These 
variables include the factors that drive the primarily natural swamp Melaleuca ecosystem, occupied 
most of the seasonally inundated, acid sulphate soils of the MD wetland, to be largely destroyed. 
Figure 3.3 shows two different periods that drove the changes in the MD’s wetlands, the   period 
before 1975 (Figure 3.3a) and the period after 1975 (Figure 3.3b).  
In the period 1816-1974, six of the identified variables (with the exception of the variable 
“construction of dike’s flood protection systems”) drove the wetlands losses and degradation (Figure 
3.3a). The policies of settlement and economic development were the primary indirect (underlying) 
drivers, while agricultural growth and expansion, the availability of wetlands and their natural 
resources for exploitation, canal construction and infrastructure development, and other related 
factors, can be categorized as direct (proximate) drivers. Building canals directly impacts on the 
wetlands by draining water and clearing forests for agricultural activities. The canal networks have 
facilitated further wetland drainage and population growth. At the beginning stage of exploitation of 
the MD, manpower played a vital role in land conversion, until the period of French colonization, 
where machines became available for digging and dredging the canals. Thus, primary wetland loss 
was increased significantly with the help of mechanization and technological development of canal 
construction.  
The variables in the period after 1975 were the same as in the previous period, except that there were 
two additional variables: “constructed dikes and flood protection systems” and “constructed canals”. 
Theses constructed systems were aimed at the regulation of water and the prevention of early floods 
in depression areas, to meet the demand of intensive and extensive rice production. The dike and 
canals systems in the coastal areas played a vital role in the prevention of salinity in the water supply 
for agriculture. In addition to roads, the dike systems also functioned as inter-province travel systems. 
Both the construction of dikes and flood protection systems became the strong drivers of significant 
changes in the area (Figure 3.3b). Furthermore, they enabled further development of travel systems 
throughout the delta in comparison to earlier periods. Throughout the MD, the canal webs constituted 
an important trade route connecting the delta area to markets and seaports. Due to an increasing 
population and increasing trade volumes from agriculture, road transportation was gaining 
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importance and increasingly needed. The greater the demand for land for infrastructural development, 
the greater the area of wetlands that was drained and converted to other land use types. 
 
(a) 
  
(b) 
Figure 3.3 Causal Loop Diagrams of the factors driving natural wetland ecosystem loss and 
degradation that transformed the Mekong Delta history between 1816 and 2013 (a) the period 
before 1975; and (b) the period after 1975). 
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Much work has been done to develop assessment techniques that provide early warning of wetland 
degradation. A set of pressures that impact on tropical wetlands has been studied and identified 
(Finlayson and Moser, 1992; Moser et al., 1996; Whigham et al., 1993). The pressures on wetland 
loss and degradation can be classified as “proximate” and “primary” drivers. According to Finlayson 
(2003 p. 15), “Proximate drivers” are various, of which the drivers related to land use change  
(clearance, drainage, and infilling)  are similar to drivers identified in the results of this study. 
Furthermore, van Asselen et al. (2013) conducted a global meta-analysis of the drivers of wetland 
loss and postulated that agricultural development was the main proximate cause, and economic 
growth and population density were the most frequently identified underlying forces. 
For tropical wetlands, the assessment of primary drivers or underlying causes of wetland loss are 
undermined and insufficient. According to Hollis (1992) and Kotze et al. ( 1995), the underlying 
causes are largely socio-economic and policies. As presented, we argue that the policies were the 
indirect primary driver that led to the loss of wetlands in the study area. In addition, an array of 
primary drivers were identified (demographic change; economic change (including globalization, 
trade, market and policy framework), social and political change (including governance, institutional 
and legal framework), technological change, and lifestyle and behavioral change (Millennium 
Ecosystem Assessment, 2003a). Furthermore, the causes of wetland loss and degradation need to be 
considered at two levels,  the drivers that cause a direct loss of wetland and those brought about by 
external changes beyond the wetland (Moser et al., 1998). 
 Ecological transformations and the development of wetland conservation in 
MD  
The MD has undergone hundreds of years of heavily manipulated hydrology and only a few percent 
of the delta’s natural wetlands remain. The delta’s remaining natural and semi-natural wetlands still 
provide habitat to globally outstanding biodiversity as well as food, fiber, and fuel to local 
communities. Unfortunately, the Mekong Delta’s remaining natural wetlands are still under pressure 
as a result of lacking strategic conservation program and poor management system. Wetland habitats 
loss and fragmentation led to losses of regional biodiversity. However, very little is known about the 
status of wetlands’ ecosystems in MD or the threats to them. Even today, all of the effects of these 
losses might not be fully realized. Understanding the historical patterns of causes and consequences 
of the wetland’s ecological transformation can provide crucial information for predicting future 
changes and the sustainability for the delta.  
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Early colonial and nineteenth-century Vietnamese records describe the wetland forests as being 
composed of the flood-tolerant species of cajeput (Malaleuca cajuputi) and mangrove (Biggs, 2004; 
2010). Despite the extension of new canals and an expansion of agricultural plantations within the 
French colonial-era in the 1920s, the elimination of vast areas of natural wetland forest by wetland 
dredging and conversion served as the primary catalyst for environmental change in the Delta’s recent 
past. A reported 2.5 million cubic meters of wood per annum (from 1880 to 1910) was extracted, with 
approximately five thousand ha of forest disappearing each year (Biggs, 2010). For example, before 
1906, the Long Xuyen Plain was still mostly covered by fresh and brackish inundated forests. The 
rapid expansion of canals across the Long Xuyen Quadrangle (in 1920s) eliminated western forests. 
According to (Biggs, 2004, p. 124), within three years (1930-1933), the settlers in Rach Gia cleared 
more than 100,000 ha for growing rice and the forest fires in have burned out over 15,000 ha in one 
season and it happened in a several consecutive dry seasons until the remaining forest and peat were 
destroyed. However, the actual destroyed forest areas were probably much larger due to the settlers 
using fire to clear the land when establishing rice plantations, and the cutting permits of the colonial 
government to produce charcoal to meet the supply needs of steam-powered ships (Biggs, 2011a; 
Brocheux, 1995). The volume of cut wood from the delta averaged 2.5 million cubic meters per year 
from 1880 to 1904 with approximately 5,000 ha of forest land cleared each year. The U Minh, had 
once been part of one of the world’s largest mangrove forests but the canal projects in the early 1900's 
facilitated the rapid clearing and burning of this forest that only the distant forests of the Ca Mau 
Peninsula were the last remaining stands in the Mekong Delta (Biggs, 2011b). 
During the period of war (1945-1975), the MD’s physical landscape and forests were heavily 
fragmented and annihilated by artillery and chemical defoliants (Sluiter, 1993, p148). There are a few 
studies that have looked at the environmental damage of the Vietnam War in the MD (Egler, 1968; 
Westing, 1971). It is estimated that half of the 2,500 sq. km of Melaleuca swamp forests and 27,000 
ha of mangroves were defoliated in the delta during the war. Some of the most heavily sprayed areas 
were the mangrove forests along the coast, the U Minh forest on the Ca Mau peninsula, and the Plain 
of Reeds (POR) area of the upper delta (Thomas, 1974). 
Prior to the 1961-1975 Second Indochina War, a wetland wilderness survived just east of Mekong 
near the Cambodian border. The area now known as Tram Chim or bird swamp, covered 
approximately 100,000 ha over of lowland vegetation composing the Plain of Reeds (Kiet, 1993), 
which supported wide expanses of sedge marshes and clumps of Melaleuca forests. Sarus Cranes 
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nested in the open marshes, while ibises, herons, cormorants, and anhingas littered the trees with stick 
nests and whitewash. The dense forest rendered Tram Chim an important refuge for Vietcong soldiers 
during the last Indochina war. The use of herbicide was one of US military tactics to eliminate tree 
cover where the Vietcong could hide. An effort to control their activities, two huge drainage channels 
were excavated like an ‘‘X’’ across the basin and the inflammable Melaleuca so the area could later 
be burned to remove tree cover by napalm (Kuznik, 1994). Gunboats patrolled the channels. Enemies 
and large birds were shot from helicopters. The wetland was devastated, only a denuded landscape 
remained (Smardon, 2009a). 
Before the war, most parts of the Broad Depression and the POR (mainly consisting of Melaleuca 
forests and swamp grasslands) were not inhabited and not utilized for agricultural purposes, due to 
their infertile soils and specific hydrologic conditions. However, in recent decades, the expansion of 
canals, coupled with the policy of resettlement under the socialist agricultural strategy, a large number 
of migrants were mobilized to reclaim these two regions to establish rice-producing farms in both 
geographical areas  (Tanaka, 1995). During 1980s, approximately 700,000 ha  of wetland in the POR 
(Shulman, 2002) and 10,000 ha of lowlands (Tanaka, 1995) were converted to rice farms.  
Mangrove forests in the MD used to cover more than 250,000 ha (Hong and San, 1993). War, forest 
fire, logging for fuel wood and other human activities have resulted in the reduction of mangrove 
forests in the MD. After the war (1975-1983), there was a loss of the mangrove forest area  due to 
timber exploitation (207,798 m3) and charcoal production (23,030 ton) (Hong and San, 1993). The 
expansion of irrigation systems to the coastal area, coupled with the growth of shrimp cultivation, 
also resulted in the loss of coastal wetlands and mangrove forests (Cosslett and Cosslett, 2014; Powell 
et al., 2011). By the late 1990’s, mangrove forests had been  cleared for shrimp farming in many areas 
(Hong, 2004; Hong and San, 1993). This clearing occurred against a backdrop of significant social, 
political, and economic reforms, as well as economic development and integration into the global 
economy. Between  1983 and 1995, 5,000 ha of mangroves in Kien Giang province were cut each 
year (Joffre and Schmitt, 2010), and approximately 37,500 ha of mangroves in Ngoc Hien district 
(former of Ca Mau province) were converted to shrimp ponds and rice farms (Binh et al., 1997; de 
Graaf and Xuan, 1998). It is estimated that the mangrove forest area in the MD declined from 117,745 
ha to 51,492 ha between 1983 and 1995 (Hong and San, 1993; Phuong and Hai, 1998). 
Prior to 1989, scientific knowledge about wetlands in Vietnam was rather limited. The economic 
development has come at an environmental cost, and the MD has been dealing with growing evidence 
of wetlands environmental damage and degradation. In the mid-1980s, a policy process was put in 
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motion to address the country’s serious environmental problems and rapidly diminishing resource 
base. The National Conservation Strategy (1985) outlined the nature of the environmental challenge 
or “crisis” confronting Vietnam. The National Plan for Environment and Sustainable Development 
(1991-2000) further built on the initiative of the National Conservation Strategy to propose a 
comprehensive, integrated approach to sustainable development, and the actions, policies, legislation, 
projects/programs and organizational structures, necessary to achieve sustainable development.  
The significance of wetlands conservation has long been recognized in Vietnam, as evidenced   by 
the country joining the Ramsar Convention on Wetlands in 1989. Since then, there has been growing 
recognition of the critical importance of Vietnam’s water-related resources and the role of the 
wetlands in maintaining these. Some external agencies (e.g. WWF, CARE International, and IUCN) 
are working with the Vietnamese government to encourage a more participatory approach to 
conservation governance. Since Vietnam became a member of the Ramsar Convention, the number 
of legal documents on conservation of natural resources and wetlands has increased, and the 
regulatory scheme has become more comprehensive. Although, policy and legislation on wetland 
conservation governance strongly promoted wetland protection and management, and some 
institutions were established with an array of national wetland conservation strategic planning 
implementation capabilities under the Ramsar Convention, the management of wetland sites in 
Vietnam still comes under the remit of many different levels of Government and Ministries. This 
often leads to a great deal of bureaucracy (Figure 3.4), top-down management and conflicting 
management policies (Cai et al., 2005; Torell and Salamanca, 2003).  
In the MD, reforestation of the Melaleuca forest areas has been taking place in the former 
unproductive state farms, since the late 1980s. This scheme had successfully restored about 7,600 ha, 
consisting of 3,000 ha of regeneration of Melaleuca and swamp grassland (van Der Schans, 2007) in 
the POR, to become the Tram Chim National Park (TCNP) (Nguyen and Wyatt, 2006). The first 
national wetland park was declared in 1998 for the last remaining remnants of the freshwater wetlands 
habitat in the MD. Several foreign-funded projects for rehabilitation of mangrove areas were 
established under the Mekong Delta Master Plan (1993) during the 1990s (Benthem et al., 1999). In 
the coastal delta, in 2003 the Mui Ca Mau National Park (MCMNP), consisting of 41,862 ha of 
mangrove forest and shoreline was established. The Park  has a core protection of 13,400 ha of 
mangroves (Sam and Hong, 2003; Tinh et al., 2009b). A striking example of successful restoration is 
the case of the Can Gio mangrove forest which covered more than 40,000 ha. The Can Gio ecosystem 
was almost completely destroyed during the Second Indochina War (1965-1969) by chemical agents 
and bombing (Hong, 2001; Hong, 2004; Hong and San, 1993; Ross, 1975). After the war, the 
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landscape of Can Gio was barren with approximately 10,000 ha of barren land, 4,500 ha of  invasive  
Phoenix paludosa palm and fern Acrostichum aureum;  only 5,600 ha were cultivable (Nam et al., 
2014). In 1978, an extensive reforestation program was undertaken by the Forestry Department. The 
reforestation program aimed at the restoration of the mangrove ecosystem previously destroyed by 
herbicides, the establishment of  mangrove plantations for sustainable production of fuel wood, 
charcoal and poles, and improvement of the livelihoods of local inhabitants  (Nam and Sinh, 2014).  
Figure 3.4 Redundant and conflicting government institutional structures responsible for 
mangrove management in Vietnam [Source: Hawkins et al. (2010)]. 
By 1996, nearly 35,000 ha of mangrove forests had been replanted in Can Gio (Tuan, 1997), of which  
about 20,000 ha has been  successfully rehabilitated (Hong and San, 1993; Nam and Sinh, 2014). The 
reforestation effort has brought vast ecological improvements to the mangrove environment and its 
associated biodiversity. The forests supply construction wood, fire wood, fish harvests, crab harvests, 
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clam and oyster harvests, as well as having indirect value in the form of storm and erosion protection, 
water filtration, and carbon sequestration. The mangrove forest area of Can Gio Biosphere Reserve 
has high biodiversity with more than 200 species of fauna and 52 species of flora, and  was declared 
as a World’s Biosphere Reserve by  UNESCO on January 21st, 2000 (Tuan and Kuenzer, 2012). 
 Conclusions 
Over time, infrastructure development has considerably altered and fragmented the natural 
environment of the MD. Many of the environmental problems resulting from these activities can be 
considered to be a consequence of the failure to recognize the delta as a socio-ecological system. 
Recently, Käkönen (2008, p. 205) stated that  “the development in the MD of Vietnam has become  
very dynamic in the recent past, and currently it stands at an interesting crossroads”. The historical 
review presented in this manuscript describes the dynamics of the wetlands conversion in the MD, 
from the colonial period to recent times (2000s). It provides an overview of how the delta’s wetlands 
were transformed in different periods, and analyzes the driving forces of wetland losses, and the 
underlying causes that resulted from the differing policies of political regimes. Five stages with seven 
variables of MD wetland conversion and degradation were identified and analyzed in detail, linking 
the anthropogenic process and other socio-economic impacts on wetland losses. Seven variables of 
MD wetland conversion were identified. The policies of settlement and economic development have 
been the primary indirect (underlying) drivers, while agricultural growth and expansion, the 
availability of wetlands and their natural resources for exploitation, canal construction and 
infrastructure development, and others related factors that have destroyed the wetlands, have been 
categorized as direct (proximate) drivers. Intrinsically, the delta has a complex and dynamic ecology 
and hydrology. The management of the wetlands reflects the socio-economic drivers at particular 
times. The anthropogenic modifications of the landscape compounded the escalating risks from floods 
and saline intrusion throughout the MD. The inconsistent policies of different government regimes 
over time have greatly complicated the management and conservation of the wetlands, as these 
policies have had the potential for increasing conflict between different land use actors and activities. 
Coupled with the pressures from an increasing demand for land for socio-economic and demographic 
developments, the threats to the loss of the remaining natural wetlands from the failure of land 
reclamation and the effects of climate change, are becoming more visual.  A holistic approach is 
needed for wetland management in the MD, the approach to include a better understanding of the 
implications of past decisions on wetland losses. 
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Chapter 4. An estimate of the carbon stocks of a number of remaining 
protected wetlands’ ecosystems of Vietnam’s Mekong 
Delta  
This Chapter presents the first results Chapter in the thesis and answers the RQ 2. In Chapter 4, the 
drivers of wetland loss and degradation in Mekong Delta identified in Chapter 3 were used to analyzed 
the impacts on the Mekong Delta’s protected wetland wetlands in carbon sequestration and storage. 
Despite a number of limitations, this chapter in combination with Chapter 2 contributes to the gap of 
literature by adding to the value of wetland and providing some insights on the perspective of 
protection and restoration of wetlands in the Mekong Delta. The conservation of remaining wetland 
brings about a variety of benefits, including avoidance of additional carbon emissions, mitigation of 
climate change by increased capture and storage of carbon, assisting ecosystems and local 
communities to adapt to climate change through improvement landscape productivity and 
conservation of biodiversity.  
 Chapter summary 
The rate of land cover change in Vietnam’s Mekong Delta in recent years has been extensive and 
dramatic. Three broad forms of land use transitions have characterized this land cover change: a 
conversion of primary wetland to agriculture, aquaculture and built infrastructure; regeneration of 
vegetation (both natural and human-induced); and the transition phase between conversion and 
regeneration (either from abandoned land to agricultural land or aquaculture, or restoration to 
wetland). Carbon stocks vary between these different states of vegetation cover. In this chapter, the 
estimate indicated that the continued effective conservation of protected wetlands in the Mekong 
Delta could contribute to a large volume of avoided greenhouse gas emissions, ranging from 5.53 Mt 
CO2e for grassland ecosystem to 37.49 Mt CO2e for mangrove ecosystems. The estimates highlight 
the importance of incorporating wetland ecosystem conservation into the national and global 
greenhouse gas accounting budgets and climate policies. 
 Introduction 
The wetlands of the Mekong Delta (MD) in Vietnam have been exploited in many ways for hundreds 
of years, and much of the area has been degraded or highly modified. In recent years, the DoiMoi 
(economic reform) policy has systematically catalyzed large-scale land-use change. This was 
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compounded by a rapidly growing population and characterized by intensive agricultural and 
aquaculture development. The result has been widespread clearing and degradation of the natural 
forests and wetlands in the Delta, especially the inland Melaleuca forests and associated grasslands 
(Torell and Salamanca, 2003). By 1998, almost 94% of the 4 million ha of the Delta had been 
developed (Giri et al., 1998; Pham, 2003). Subsequent pressure on the remaining land has been 
intense, especially through the transformation of coastal mangrove forests to aquaculture. As a 
consequence, overall forest cover has been reduced to 5.78% of the original area, of which only 1.4 
to 1.7 % (about 68,000 ha) of natural forests remain (Buckton et al., 1999; Mather, 2010; Viet and 
Binh, 2014). 
Despite recognition of the high conservation value of the MD’s wetland ecosystems under the 1989 
Ramsar Convention, human-induced degradation continues. The potential short-term financial 
returns from developing and using the wetlands for agriculture and aquaculture seem to be too 
attractive.  
The loss of wetlands not only reduces biodiversity and the associated ecological services, but also 
results in greenhouse gas emissions. Wetlands, such as mangroves and marshes, play an important 
role in carbon processing, and store up to three times more carbon than terrestrial ecosystems 
(Chmura et al., 2003; Donato et al., 2011; McLeod et al., 2011). Much attention in recent years has 
been given to swamp forests and their role in climate regulation. Drainage and degradation of the 
wetlands has major impacts on carbon pools and causes the release of carbon dioxide (CO2) into the 
atmosphere (Silvola et al., 1996).  
Large-scale drainage and conversion of Melaleuca and mangrove forests in the 1990s, which once 
covered a vast area in the MD, has resulted in large losses of carbon from both the above-ground 
biomass and peaty soils (Broadhead, 2011; Gorham, 1991; Murray et al., 2011). In recent decades, 
much effort has been made to promote the protection and conservation of the remaining wetlands of 
the MD. Wetland protection and conservation, if done effectively, would likely result in multiple 
benefits, including: reduced carbon emissions (IPCC, 2006); mitigation of climate change by 
enhanced sequestration of carbon (Crooks et al., 2011; World Bank, 2010; Zedler and Kercher, 2005); 
and assisted local communities to better adapt to climate change (Alongi, 2012; Hoang Tri et al., 
1998; Murdiyarso and Kauffman, 2011). 
The role of Mekong Delta’s wetlands in carbon sequestration and storage has generally been under-
estimated and omitted in any current wetland conversion and/or conservation plans. Continuing 
clearing or drainage of wetlands can lead to large losses of stored organic carbon to atmospheric 
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carbon dioxide. Protection and restoration of wetlands in the Mekong Delta bring about a variety of 
benefits, including avoidance of additional carbon emissions, mitigation of climate change by 
increased capture and storage of carbon, assisting ecosystems and local communities to adapt to 
climate change, improved landscape productivity and conservation of biodiversity. However, there is 
lack of synergies between programs to protect wetlands for biodiversity conservation and climate 
change adaptation and mitigation. Therefore, the potential role of various uncleared remaining 
wetland types in contributing both to adaption and mitigation of climate change, as well as providing 
other ecological services, needs to be further promoted. In addition, comprehensive information about 
carbon sequestration, storage and release by wetlands in the Mekong Delta needs to be made available 
to governments, wetland managers, developers, community groups, so that decisions take account of 
these functions. Also, they need to be aware of potentially significant releases of carbon to the 
atmosphere through the destruction of wetlands. 
This chapter presents a brief historical analysis of the land use changes in the MD, and from that 
analysis an estimate is presented of the spatial extent of a number of the remaining protected areas. 
An estimate of the carbon stocks of these protected areas was then derived using a simplistic 
categorization of the three main wetland ecosystems in the Delta (mangroves, Melaleuca forest and 
grasslands) and estimates of the typical carbon stocks of each of these ecosystem types collated from 
previous studies. The chapter concludes by making several recommendations for future land use and 
climate policy for Vietnam. 
 Land Use Change in the Mekong Delta 
The MD is located in the southern part of Vietnam (Figure 4.1). There are two major types of wetlands 
in the Delta; coastal saline swamps and estuaries, and freshwater swamps. Mangrove forests are 
mainly distributed along the coastal saline swamps and estuaries in the Ca Mau Peninsula. Melaleuca 
forests and grasslands are distributed throughout the inland wetlands. Melaleuca forests have been 
recorded in the freshwater swamps of the Delta’s floodplains (Duc, 1989), but are also part of mixed 
peat swamp forests in U Minh (Buckton et al., 1999; Safford et al., 1998). Most of the seasonally 
inundated grasslands have been converted into farmland, mostly rice paddies, so very little of this 
type of natural vegetation remains (Allen et al., 2012; Triet et al., 2000). The remnant wetland forests 
still function as a source of food, timber, fuel wood, charcoal and fish, for local communities (Safford 
et al., 2009). These forests also protect freshwater catchments from salt intrusion and shelter the 
coastlines (Binh et al., 2005; Hong and San, 1993). 
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Figure 4.1 The Mekong Delta wetland conservation sites (dark green) - Southern Vietnam 
[Source: Vietnam-MA (2012)]. 
Land use (human exploitation of land cover) and land cover (the biophysical state of the earth’s 
surface) change are caused by multiple factors, which can be categorized into proximate and 
underlying (or indirect) driving forces (Geist and Lambin, 2002; Kaimowitz and Angelsen, 1998). In 
land use change studies, a distinction is made between proximate causes and underlying driving 
forces, and identifying how the causes interact gives a better understanding of the processes involved 
(Turner et al., 1993). This framework has been widely applied in the analysis of land use and land 
cover changes (Geist, 2005; Turner et al., 1993), and wetland conversion (van Asselen et al., 2013). 
This framework was used to identify the factors causing wetland conversion and rehabilitation in the 
MD. Proximal causes involve physical action on land cover and include: agricultural and aquaculture 
expansion; forestry (wood cutting for timber and charcoal); and infrastructure construction. The 
underlying causes are formed by a complex mix of social, political, economic, and technological 
variables (Brookfield, 1999). These underlying causes are seen as the fundamental forces that 
underpin the proximate drivers of land use and land cover changes. Generally, proximate causes 
operate at the local level, such as individual farms, households or communities (Lambin et al., 2003; 
Mather, 2006b), while the  underlying causes originate from regional or country levels (Mather, 
2006a).  
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The causal loop diagram in Figure 4.2 provides an insight into the drivers of land use and land cover 
change of the MD.  
 
Figure 4.2 Causal loop diagram of drivers affecting land use and land cover change the Mekong 
Delta. 
Land-use and land-cover change in MD are driven by a number of drivers which resulted in wetland 
loss and degradation. While the policies of governments in the past were planned to construct canals 
and water ways for travelling and expansion agricultural cultivation area, the recent policies aims to 
build up dike systems to protect these cultivation land and prevent sea water intrusion. Decades of 
economic expansion and population growth in MD with the expansion of dike and canal systems to 
regulate and supply water for intensiﬁcation of agriculture and aquaculture in the lowland area have 
degraded its land. Population growth and urbanization pressure on arable land contributes to the land 
degradation. These include pressure on land, land/soil degradation, forests, habitat destruction and 
loss of biodiversity. The growing trends have considerably altered land-use practices which severely 
degraded delta's forest natural resource base which has always constituted an important source of 
income for local economies. The development of delta brings about pressures on land, land/soil 
degradation, forests, habitat destruction and loss of biodiversity. In addition, the changing pattern of 
land use in MD imposes an increasing burden on the delta's limit that requires an effective 
conservation plan for the remaining wetland to secure and sustain the development. However, the 
failure of biodiversity conservation practices such as Tram Chim wetland due to lack of understanding 
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wetland values and complex relationships between the drivers have caused further degradation (Do 
and Bennett, 2009; Ni et al., 2006; Ni et al., 2003; Truyen et al., 2014a; van Der Schans, 2007). 
 Pre-DoiMoi (1976 -1986)  
In the early 1970s new large-scale economic zones, cooperatives and state farms and forests, were 
established in the MD (Hill, 1984; Miller et al., 1999; Phong et al., 2008; Tanaka, 2001). The local 
government sought solutions for people to revitalize and utilize the wetlands economically, in support 
of improved food security.  State farms and cooperatives were established and expanded the cultivated 
land into new areas (Hong and San, 1993; Le Meur and Leurent, 2006; McElwee and Horowitz, 1999; 
Miller et al., 1999; Nam et al., 2001; Tanaka, 1995; Tanaka, 2001). Thousands of ha of Melaleuca 
and mangrove forests were cut down to reclaim land for rice cultivation, including areas with poor 
soils (Tanaka, 1995; Xuan, 1994). In the Plain of Reeds (POR), 700,000 ha of wetland was converted 
to agriculture during 1975-1995 (Shulman, 2002) and about 10,000 ha of lowland was developed into 
state farms in formerly swampy forest areas (Tanaka, 2001). Few data quantifying forest decline 
cover are documented but reports are unanimous that severe declines of Melaleuca forests occurred. 
For example, in An Giang province, where Le Dien Duc reported 90% (from 40,000 ha to 4,000 ha) 
Melaleuca forest loss over the decade 1975-1985 while in Tri Ton, an area in the northern part of the 
LXQ, more than 350,000 ha of Melaleuca have been degraded (Duc, 1993b). 
Likewise, in the Broad Depression and coastal plain, apart from the better land already occupied by 
local farmers and immigrants, a large area of land prone to acidity and salinity was converted to state 
farms. Many state farms were set up for rice cultivation in areas which were originally U Minh 
Thuong (UMT) state forests (Tanaka, 1995; Tanaka, 2001). On average, from 1972 to 1983, 5,000 ha 
of Melaleuca forest were cut down annually for conversion to rice fields (Pham, 2003).  
Land use change has been exacerbated by the increasing human population of the region, which has 
also been influenced by the Government policy after 1975, to mobilize people into the newly 
established state farms and forest and new economic zones (Sanh et al., 1998). The data indicates that 
from 1976 to 1980, roughly 252,000 families moved to new economic zones to clear land and 
establish their  homes (McElwee and Horowitz, 1999), whereas 10,000 people moved to Ca Mau to 
exploit mangroves for food production (Ha and van Dijk, 2013). 
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 Post-DoiMoi (1986-1990) 
The MD has experienced rapid change, particularly since the 1990s when the DoiMoi policy 
(economic reform) resulted in agriculture-led growth “at-all-costs” (Figure 4.3). This growth involved 
the intensification of agricultural and aquaculture production. The primary objective of establishing 
state farms was to expand rice cultivation. The Delta’s wetlands experienced high rates of 
deforestation and wetland conversion (Binh et al., 2005; Son and Tu, 2008; Tanaka, 1995; Tanaka, 
2001). However, many state farms were located in unfavorable production environments and were 
abandoned. Following the introduction of the DoiMoi policy with the goal of creating a “socialist 
oriented market economy” and the rejuvenation of primary production systems, cooperatives were 
dissolved and the land from unproductive state farms was redistributed to farmers. The expansion of 
extensive rice farming across the whole delta was driven by the development of new technologies, 
coupled with introduction of new rice varieties and canal systems. The wetlands were continuously 
converted to agricultural land. The massive increase in rice production, associated with formally 
recognized individual land-use rights in the 1990s, has been a driving force for land conversion. As 
a result, most of the wetlands in the MD have been almost completely exploited (Tanaka, 1995). 
 
 
 
 
 
 
 
 
Figure 4.3 Changes in the spatial extent of wetland ecosystems in the Mekong Delta of Vietnam 
between 1995 and 2013 [Source: data adapted from GSO (2014a)].  
Notes: the left vertical axis is for agricultural land and the right vertical axis is for forestry land, 
aquaculture projects and unused land. 
Mangrove forests in the Delta have experienced extensive degradation due to the expansion of shrimp 
farming (Binh et al., 2005; Buu and Phuong, 1999; Christensen and Phu, 2003; Christensen et al., 
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2008; Giesen et al., 2007; Hong and San, 1993; Johnston et al., 2000; Nguyen et al., 2013). In Kien 
Giang province, 5,000 ha of mangroves were cut each year in the 1990s to make way for shrimp 
farms (Joffre and Schmitt, 2010).  Between 1983 and 1995 in Ca Mau, the biggest shrimp-farming 
province in MD, between 66,253 and 77,389 ha of mangrove forests (Binh et al., 2005; Buu and 
Phuong, 1999; de Graaf and Xuan, 1998; Populus et al., 2002; Sakamoto et al., 2009; Son et al., 
2015) and 120,000 ha of paddy (EJF, 2003) were  converted to aquaculture systems. In Cai Nuoc 
district (Ca Mau province), the coastal mangrove forest disappeared entirely (Binh et al., 2005). The 
lucrative shrimp farming, however, was not the sole driver of mangrove loss: overexploitation of 
timber for construction, firewood and charcoal contributed significantly to the depletion of the coastal 
forests (Hong and San, 1993; Sam and Binh, 1999; Thoi, 1998). When the irrigation and drainage 
systems expanded to the coastal areas in 1997, some aquaculture ponds and mangroves were replaced 
by cultivated lands (Binh et al., 2005; Sakamoto et al., 2009; Tanaka, 1995). From 1976 to 1980, 
about 86,000 ha of land in Minh Hai was cleared for agriculture, of which 60,000 was for rice 
cultivation (McElwee and Horowitz, 1999). The decline of the shrimp industry in 1992 and 1993 
(Johnston et al., 2000) resulted in approximately 35,000 ha of shrimp ponds being abandoned in the 
MD  (Hens et al., 2009; Sanh et al., 1998). 
 Wetland conservation initiatives 
The rapid conversion of wetlands, and the construction of infrastructure for irrigation, drainage, and 
water control, likely contributed to serious environmental and production problems (Käkönen, 2008; 
Tanaka, 1995). In the mid-1980s, a policy outlined by The National Conservation Strategy was put into 
action  to address the country’s serious environmental problems and rapidly diminishing resource base 
(Miller et al., 1999). The government promoted the diversification of  agricultural crops and 
implemented a reforestation scheme in the late 1980s, in order to sustain  development and preserve 
the swampy lowlands (Tanaka, 2001). In 1987, the government of Vietnam developed a policy for 
the rational utilization of wetland areas throughout the country (Duc, 1989). The national plan aims 
to increase national forest coverage through the establishment of special use forests which serve as 
national parks, and to support ecological integrity and biodiversity values (Torell and Salamanca, 2003). 
Tanaka (2001) reported that almost 63,000 ha were reforested  during  the period of the 1980s-1990s, 
of which most forest areas were in Forest-and-Fishery Concessions, with 18% in protected areas, 
including two nature reserves (Safford et al., 1998). Reforestation of Melaleuca has been taking place 
in areas that were formerly unproductive state farms. Since the 1980s, the scheme had successfully 
restored about 7,600 ha, consisting of 3,000 ha of regeneration Melaleuca and swamp grassland in 
Nguyen Huu Hoang-2017         72 
 
the POR, which became  the Tram Chim National Park (TCNP) (Nguyen and Wyatt, 2006), the first 
national wetland park declared in 1998. The 7,588 ha park is one of the last remaining remnants of 
the freshwater wetland habitat in the MD. 
A similar trend was seen in the U Minh forest in the central part of the Broad Depression. In UMT, a 
21,400 ha state farm was rehabilitated to its original state of grassland and Melaleuca forest (Tanaka, 
2001). The establishment of Forest-and-Fishery companies (former state farms) greatly reduced the  
haphazard loss of Melaleuca forests and promoted biodiversity in the U Minh forest by providing 
economic incentives for maintaining the forest ecosystems (Safford et al., 1998). The U Minh Thuong 
National Park (UMTNP) was established in January 2002 from a Nature Reserve (established in 
1993) with a total core area of 8,053 ha (Buckton et al., 1999; Safford et al., 1998). A biodiversity 
survey undertaken in the core zone of UMTNP has identified diverse vegetation cover in the core 
zone of the park, including Melaleuca on peat and clay soil, seasonally inundated grassland, and open 
swamp and grass communities (Triet, 2000). Other researchers have reported that the UMTNP is one 
of the most important sites for biodiversity conservation in the MD (Buckton et al., 1999; Safford et 
al., 1998; Scott, 1989). 
U Minh Ha National Park (UMHNP) was established in 2006. It covers a total area of about 8,286 
ha.  Of that area, 3,688 ha is known as the Vo Doi Nature Reserve and is considered to be one of the 
key wetland areas in the lower Mekong Basin (Buckton et al., 1999; Safford et al., 1998). The three 
major vegetation types in  UMHNP are: “semi-natural” (originally planted but no longer tended) 
Melaleuca forest; Melaleuca plantations; and seasonally inundated grassland distributed on peat soil 
(CARE, 2004a; b). Safford et al. (1998) estimated the area of peatland to be about 21,000 ha in UMT, 
of which about 8,100 ha was located within a core protected zone. The other 3,900 ha of peat land 
was distributed in U Minh Ha (UMH), of which 2,530 ha was in a core protected zone (Safford et al., 
1998). 
In the Ca Mau coastal wetland, state forest enterprises were established in the 1980s to ensure 
sustainable management and replanting of mangroves. However, in 1992 only 51,000 ha of forest 
were remaining, due to the failure to prevent forest loss to other uses (Christensen et al., 2008; Clough 
et al., 2008). By the mid-1990s, a ban on forest felling became effective, forcing the forest enterprises 
to replant and protect the forests rather than just utilize them (Christensen et al., 2008; Hjortsø et al., 
2005). However, despite the reforestation, the rate of mangrove destruction has been 4 to 10 times 
higher than reforestation, and all areas of mature mangrove forests in the site have been severely 
degraded (Buckton et al., 1999; Gebhardt et al., 2012). In 2003, the Dat Mui Nature Reserve (which 
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was originally established in 1983) was merged with the Bai Boi Coastal Protection Forest to become 
the Mui Ca Mau National Park (MCMNP), consisting of 41,862 ha of mangrove forests and shoreline. 
This park has a core protection area of 13,400 ha of mangroves (Sam and Hong, 2003; Tinh et al., 
2009a). 
The Ha Tien Plain,  part of Long Xuyen Quadrangle,  was covered by 60,000 ha of  grassland of high 
biodiversity value (Triet, 2010). However, it was viewed as marginal land, so in 1994 the plain was 
planted with Eucalyptus sp., which has since failed, leaving 22,000 ha of abandoned plantation. Only 
25,000 ha of grassland and forest remained by 1997 (Triet, 2010; Triet et al., 2000). Since the mid-
1990s, this unique wetland type has been subject to further economic development by conversion into 
agriculture, forest plantations and aquaculture, that have exacerbated the degradation and loss 
(Buckton et al., 1999; Buckton and Safford, 2004; Triet et al., 2000). Although large areas have now 
been converted to other  uses (Funkenberg et al., 2014), the remaining 2,890 ha of wetlands rich in 
Lepironia grasses support many threatened birds, including the Sarus Crane (Grus antigone), and 
have been successfully conserved since 2004 (Triet and Caines, 2007). 
Although, a substantial effort has gone into the rehabilitation of degraded wetlands in MD, including 
reforestation, these efforts have not fully met the requirements of wise use, sustainable conservation 
and development of the wetlands. Given that there has still been a gap between policy and practice, 
the threat of MD wetland loss and degradation has remained, although over recent decades, Vietnam 
has initiated a great number of efforts relating to research, inventory, and development of tools and 
techniques, for the conservation, utilization and management of the wetlands, in line with the Ramsar 
Convention's objectives (Figure 4.4). 
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Figure 4.4 Timeline of the events related to the wetland conservation. 
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 Carbon stock changes associated with wetland-use changes 
Wetlands are one of the most carbon-rich natural ecosystems (Adame et al., 2013; Donato et al., 2011; 
Friess, 2013; Murdiyarso and Kauffman, 2011). Clearing and conversion of mangroves has led to 
dramatic increases in CO2 emissions in different parts of the world (1,500-2,900 tons/km2/year) 
(Lovelock et al., 2011). In addition to the removal of natural vegetation cover, agricultural activities also 
deplete the soil carbon pool through a reduction of biomass inputs. Conserving the wetlands can also 
restore soil carbon towards natural condition levels (Smith, 2008). 
Drainage and clearing of wetland forests for alternative uses results in the loss of carbon from both the 
above ground biomass and soil organic carbon, which consequently depletes the carbon storage of the 
whole ecosystem (Bhatti and Tarnocai, 2009; Fontaine et al., 2004). Soil degradation leads to the 
disturbance of the decomposition processes, which, in turn, depletes the soil organic carbon pool (Lal, 
2003). This process also leads to a reduction in soil biodiversity (Bhatti and Tarnocai, 2009). As found 
by Houghton et al. (2012), the drainage of peatlands for agriculture and forestry often results in rapid 
emissions, due to an increased rate of decomposition of the carbon pool. 
Carbon pools in the wetlands take a long time to develop. The loss of below-ground carbon is especially 
significant because this loss can be much more rapid than the rate of formation or replacement (Lal, 
2006). The MD wetlands contain relatively large carbon stocks associated with Melaleuca and mangrove 
forests. Land use changes in the MD, chiefly due to large-scale clearing of swamp forests and conversion 
of wetlands to other production systems, results in large losses of carbon (4.7 GtCO2), both from the trees 
and particularly from the peaty soils (World Bank, 2010). The carbon emissions from degraded and lost 
wetlands are sufficiently significant to warrant inclusion in carbon accounting and greenhouse gas 
inventories.  
Murray et al. (2011) estimated the global mean soil organic carbon in the first meter of soil at 1,060 t 
CO2e/ha in estuarine mangroves and nearly 1,800 t CO2e/ha in oceanic mangroves. Donato et al. (2011) 
estimated that 112-392 Mg C is emitted into the atmosphere for each ha of forest cleared. In studies of 
mangrove rehabilitation in abandoned shrimp ponds, Matsui et al. (2010) found that after 2 years carbon 
storage increased from 403 to 587 Mt CO2e/ha. This result clearly shows the efficiency of mangroves 
and that the restoration of abandoned wetland converts the net sources of carbon into a carbon sink. 
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Tran et al. (2015) studied Melaleuca forests in the Mekong Delta and reported that carbon stocks stored 
in the soil and vegetation ranged from 159.36 ± 21.01 to 784.68 ± 54.72 tC/ha, which varied across 
different forest types in U Minh (Mekong Delta). Tran et al. (2015) suggested the potential of Melaleuca 
reforestation on degraded sites with respect to forest carbon conservation. Protecting the wetlands is a 
practical way of retaining the existing carbon reserves.  
 Carbon stock estimation in remnant wetlands in Mekong Delta 
Published estimates of  peatland soil carbon and Melaleuca forest reserves in UMH (Le, 2010a) and soil 
analysis for Ha Tien grassland were used (Kawahigashi et al., 2008; Minh et al., 1998; Sumida et al., 
2012). The carbon stock of Melaleuca forests in UMHNP was computed by applying the methods 
suggested by Tran (2015a). In the case of the Ha Tien grassland, the biomass carbon of grass was drawn 
from Le’s publication (Le, 2007) and using the method for estimation of carbon storage for grassland 
suggested by Phuong (2009). The soil organic carbon content of Ha Tien grassland and peatland soil in 
UMHNP was estimated using the IPCC-derived equation (IPCC, 2003), where 100 is the default: 
SOC = Depth (m) x Bulk density (g cm-3) x C (%) x 100 
Ecosystem C storage (Mt C ha- 1) was calculated by summing up the above and below-ground C stocks. 
The total C storage was scaled up by multiplying the mean ecosystem C storage (Mt C ha- 1) with the 
total area of each type of wetlands, and converted to carbon dioxide equivalents (CO2e) using the standard 
conversion factor (1 ton carbon = 3.67 ton CO2e). 
Tram Chim National Park’s (TCNP) ecosystem has undergone severe impact from the failure of 
construction of dike systems to prevent fires, in which 24 fires within an interval of 5 years (2009-2013) 
have burnt 294.13 ha grassland and 133.19 ha Melaleuca forest (Ni and Tuan, 2015). Therefore, TCNP 
and other protected wetlands that biomass and soil carbon data are unavailable, was omitted from carbon 
estimation. The following estimates of carbon stocks from a number of currently conserved wetland areas 
(32,880 ha) in the MD were  drawn and computed from published data related to the  Ha Tien grassland 
(Triet and Caines, 2007), and computed data  available  on peatland soil carbon and Melaleuca forest 
reserves in UMHNP and UMTNP (Le, 2010a; Tran et al., 2015; Vietnam Environment Protection 
Agency, 2003) mangrove forests (Tue et al., 2014).  
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Figure 4.5 Total carbon in wetland areas (32,880 ha) currently protected in the MD of Vietnam. 
Note: the left vertical axis is for carbon storage and the right vertical axis is for area of different 
protected wetland ecosystems. 
The results (Figure 4.5) show that the total carbon content across the MD landscape varies and across 
different wetland types: grassland, Melaleuca and mangrove forest. The volume of carbon storage ranges 
from 5.53 to 37.49 M t CO2e, which is closely related to the current areas of each the vegetative types 
and their standing biomass. Invariably, Melaleuca and mangroves play  vital roles in carbon storage, and 
the off-set in terms of biological carbon or “green carbon” that the type of wetland forests store in their 
soil alone, is greater  than most tropical forests have in all their biomass and soil combined (Patil et al., 
2012). The higher rates of carbon sequestration in the salt marshes and soils of tidal salt, combined with 
lower methane emissions, make the coastal wetlands more valuable as carbon sinks than other 
ecosystems. Also, the role of Melaleuca and mangrove plantations is expected to be one of the options 
of the Clean Development Mechanism (CDM) project. This has recently drawn the attention of scientists 
and policy-makers in relation to studies and efforts on afforestation of wetland forests, mostly in the 
lower Mekong Basin, which have been severely impacted by climate change (GIZ, 2011; Tran, 2015a). 
In contrast to the Melaleuca and mangrove forests, the Ha Tien wetland grassland carbon storage is 
significantly lower, but this grassland  has one of the highest levels of  biodiversity in the MD wetlands 
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(Triet, 2000). However, the intensive use and exploitation of the wetlands in the Delta has constantly 
decreased the natural or semi-natural areas from 7% of the total MD area in 1996 (Ni et al., 2003; Pham, 
2003) to 5.78% of the wetland area in 2014 (Viet and Binh, 2014). The rapid economic development in 
the delta has resulted in a demand for access to more land and land conversion, which have posed threats 
in the form of increasing the loss and degradation of the delta wetlands (Friend, 2007; Ni et al., 2003; 
Torell and Salamanca, 2003), resulting in a reduction of the potential volume of above and below ground 
storage carbon. Therefore, effective conservation of the wetlands and protection of their ecosystems has 
a potential immediate benefit of preventing greenhouse gas emissions, thereby increasing the wetland 
value through the capacity of carbon sequestration.  
 Conclusions 
The data presented clearly shows that the number of currently conserved wetland areas (32,880 ha) in 
MD contain large stores of carbon, in both above and below-ground ecosystems, ranging from 5.53 Mt 
CO2e for the grassland ecosystem to 37.49 Mt CO2e for mangrove ecosystems, that has been partially 
lost due to anthropogenic activities, resulting in land-use and land-cover changes. Therefore, protecting 
the wetlands and their ecosystems is a practical way of retaining the existing carbon stock and the many 
ecosystem services on which the MD society depends. The results provide critically important 
information for policy makers to help them to understand the socio-ecological relationships and the 
factors affecting future environmental and economic sustainability of the wetlands in the MD. Policy 
makers need to consider various conservation and land management issues, including carbon offset 
development initiatives, to develop an integrated plan to provide further socio-ecological  and economic 
benefits, while at the same time continuing to store and sequester carbon in these protected wetlands 
areas to mitigate climate change. However, further information and study on different MD’s wetland 
carbon storage is required to support decision-making, including inventories of wetland area and type, 
as well as measurement and modelling of their carbon flows, including baseline rates and effects of 
disturbance. 
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Chapter 5. Land-use change and socio-ecological drivers of wetland 
conversion in Ha Tien Plain, Mekong Delta, Vietnam 
 
 
 
This chapter discusses the various factors causing wetland grassland loss and degradation in the study 
area - Phu My Lepironia grassland. The chapter identifies a set of exogenous and endogenous factors 
that drove the and land-use and land-cover changes is the complexity and interaction of these socio-
ecological factors. The results also indicate the link between the proximate drivers identified in Chapter 
3 continue to play an important role on the land-use and land-cover changes in the case study. The 
analysis of the interaction and the casual links among these factors answers the RQ 2.  
 Chapter summary 
The loss and degradation of the wetlands in the Mekong Delta has been caused by a combination of 
human activities (social systems) and natural events (ecological systems).  However, the complexity and 
interaction of these socio-ecological factors are poorly understood. This chapter provides a better 
understanding of the complex social-ecological factors affecting land-cover changes in the Phu My 
Lepironia grassland conservation area, in the Kien Giang Biosphere Reserve, Vietnam. A systems 
thinking approach was used to determine the interactions between the social system and land-use and 
land-cover changes. The results indicate that ensuring food security and improving incomes are the key 
endogenous drivers of wetland degradation in the study area. Over-exploitation of wetland resources and 
inappropriate agricultural practices are accelerating wetland conversion and degradation. The conflict 
and unclear land tenure, coupled with a desire for higher incomes, has driven the community to convert 
and reclaim large parts of the wetlands.  This process is also driven exogenously by wetland access and 
the fluctuation of commodity prices, which in-turn results in a transition from traditional to extensive 
cropping systems and expansion of cultivated land into the protected wetland. The relationship between 
the people and the wetlands must be central to the development of wetland policies and wetland 
management approaches. This will improve how land use policy supports sustainable sources of food 
supply and income for the local communities, and concurrently reduce the pressures on wetland 
Hoang Huu Nguyen, Dargusch P., Moss P., and Aziz, Abdul Ammar. 2016. Land-use change 
and socio-ecological drivers of wetland conversion in Ha Tien Plain, Mekong Delta, Vietnam. 
(Published on Land Use Policy). 
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degradation. Any efforts made to protect the remnant wetland grassland and its diverse ecosystem by 
regulation should be supplemented by developing and sustaining the relationship between social systems 
and ecological systems.  
 Introduction 
Wetlands are exceptionally important for many rare and endangered wildlife species. They are also 
important for people, but many wetlands are now so degraded, so that the communities who rely directly 
on them for their livelihoods have become more vulnerable to, or have fallen deeper into, poverty. The 
link between conservation and poverty reduction is a very broad and complex topic (Agrawal and 
Redford, 2006). Biodiversity conservation scientists are often faced with a dilemma, because early 
management approaches have been ineffective due to an  incomplete understanding of the complexity of 
this relationship (Agrawal and Redford, 2006). Some argue that it is a “double-edged sword”, because 
poverty is either an obstacle to conservation (Kiss, 2004; Oates, 2006; Salafsky, 2011; Sanderson and 
Redford, 2004; Sanderson and Redford, 2003; Terborgh, 2004), or conservation fails to reduce the 
poverty of the wetland dependent communities (Roe and Elliott, 2004; Romero et al., 2012; Sandker et 
al., 2009).  
According to Adams et al. (2004), poverty reduction and the associated livelihood security of resource-
dependent populations and biodiversity conservation, are two distinct objectives with  different societal 
goals. However, the two have common drivers (Roe et al., 2013) and in a particular context they may 
interact in a mutually supportive or conflicting way (Walpole and Wilder, 2008). Several recent 
publications reveal a link between biodiversity and livelihoods, and between conservation and poverty 
reduction (Miller et al., 2011; Roe, 2008; Sunderland et al., 2007). These linkages are dynamic (Billé, 
2006) and locally specific (Kepe et al., 2004; Sanderson and Redford, 2004), and they can rarely be 
resolved using simple cause-and-effect analyses (Billé et al., 2012). Additionally, conservation and 
poverty are related to both ecosystems and human social systems, many parts of which are highly 
interconnected and interdependent (Morse et al., 2013).  
Although there has been increasing interest in trying to link the livelihoods of people living near natural 
resources to the conservation of those resources, there has been little attempt to systematically assess or 
measure this linkage (Salafsky and Wollenberg, 2000). Thus, complementary approaches and methods 
are required, including those addressing the causal links and feedback loops between independent and 
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dependent variables, and how these interactions are reflected in the patterns of behavior among people, 
institutions and resources (Folke, 2006; Liu et al., 2007; Sterman, 2000).  
This empirical study explores and describes the interactions and feedback relationships between the 
livelihood activities of local communities and the threats from change in land use and land cover of the 
grassland wetland ecosystems within the “Phu My Lepironia grassland conservation and sustainable use” 
area (hereafter referred as the Phu My project (PMP) which was established in 2004). The study also 
analyzes the feedback relationships between the livelihood activities of local communities to determine 
the drivers of wetland grassland degradation, and discusses feasible policy interventions. This is the first 
study using a systems thinking approach to explore and describe the socio-ecological drivers of wetland 
conversion which influence biodiversity conservation. 
 Research method 
 The study area  
The study area is part of Kien Giang Biosphere Reserve, Vietnam, which was recognized by UNESCO 
in 2006. The Phu My grassland is the last remnant of wetland area which features seasonally inundated 
grassland in the Mekong Delta (MD) that supports a high diversity of flora and a rich avifauna. Buckton 
et al. (1999, p. 10) stated that “the Mekong Delta seasonally inundated grasslands provide a habitat for 
globally threatened birds, including Bengal Florican Houbaropsis bengalensis and White-shouldered 
Ibis Pseudibis davisoni. The habitat also supports at least 60% of the population of the eastern subspecies 
of Sarus Crane Grus Antigone sharpii in the dry season. These grasslands also contain unique vegetation 
communities, some of which are not likely to be found elsewhere in Indochina”. Unfortunately, the MD’s 
remaining natural wetlands are also under pressure of land conversion and encroachment, particularly 
from large-scale commercial agriculture and land concessions. This is occurring as a result of poor 
planning and management, and conflict between wetland resource users and government management 
conservation and protection plans. 
The PMP is located in the north-western section of the HTP, and was once considered to be the last 
remaining extensive wetland area of seasonally inundated grassland in the MD, supporting a high 
diversity in flora and a rich avifauna. Prior to the 1990s, the status of the delta’s biodiversity was both 
poorly known and poorly documented. Land-use planners in both provincial and central governments 
lacked sufficient information on which to base important, and often irreversible, decisions. In addition, 
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under Article 11 of the Land Law (1993), grasslands are frequently deemed to be “not-in-use” and 
therefore seen as “wasteland”. In the MD, these areas have been designated to be converted into forest 
plantations and for the use of agriculture and aquaculture in order to increase the economic value of the 
region and improve the living standards of local people (Decision 773/TTg of the Prime Minister 1994). 
This has caused the HTP to be the testing ground for several failed economic development projects Triet 
(2010, p. 1). These projects failed to alleviate long-term poverty in the region, while simultaneously 
destroying the most unique and rich biodiversity wetlands in the MD. Although many efforts have been 
already undertaken to enhance wetland conservation and management, the establishment of protected 
areas in Vietnam has, for a long time, favored forested land (e.g. mangroves or Melaleuca stands), 
whereas non-forested wetlands, such as the seasonally inundated grassland in the HTP, have been 
neglected. 
The entire wetlands in the boundary of the PMP, including the Lepironia grassland, play a central role 
in the culture of local Khmer communities whose livelihoods and incomes are predominantly dependent 
on harvesting Lepironia grass (for making traditional handicraft products) and rice cultivation (Table 
5.1). These two main livelihood activities have been subjected to change, depending on the rice yield and 
Lepironia grass and mat prices. Fishing and collection of fuelwood bring additional incomes for the 
locals (Buckton et al., 1999; Triet, 2010; Triet et al., 2015). This dependency by the largely low income 
community has caused an over-exploitation of resources and resulted in declining grass communities and 
unsustainable livelihoods (Triet et al., 2015). Le (2007) reported that the Lepironia grass harvest from 
2004-2006 by the locals has exponentially increased (from 2,382 to 3,521 tons) while the estimated 
natural supply Lepironia grass in the project area was of 6,839 tons. In order to meet the growing demand 
of local communities, the author also suggested implementing a plan of restoration of Lepironia grass 
from the degraded grassland and the fallow land where rice farming has failed.  However, the Khmer 
community,  who rely heavily on the wetland grassland for daily sustenance and income,  have limited 
opportunities to pursue alternative livelihoods due to a lack of capital investment and little understanding  
of farming techniques (Triet et al., 2015). Before the establishment of the project, in a strategic scheme 
for improvement the socio-economic conditions of the local communities in Phu My village, the Kien 
Giang provincial government had planned to convert the wetlands into rice, shrimp farming and human 
settlements. However, in confronting the socio-economic issues of the local communities, in September 
2004, in partnership with the Kien Giang Provincial Government, the Department of Natural Sciences in 
HCMC and the International Finance Corporation of the World Bank, the 2,890 ha Phu My Lepironia 
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Wetland Conservation Project (PMP) was established, allowing the villagers to continue harvesting 
Lepironia. In addition, villagers were trained to make diverse and more financially valuable products 
from the Lepironia and were given assistance in marketing their products to tourists and higher-value 
export markets. Therefore, unlike many conventional conservation methods, instead of excluding the 
local communities from the protected area, the PMP created a management strategy of an “open-access” 
protected area and promoted community-based management for the sustainable use of natural resources. 
The land was split into four key functional sites (Figure 5.1), each serving different purposes. One site, 
the Ecological Restoration Zone (core zone) with the dominant sedge species, was strictly protected as a 
food source for the Sarus Crane. Natural resource exploitation in the core zone (1,200 ha) was strictly 
prohibited. The locals are able to access the rice farms in the Agricultural Zone or Exploitation Zone for 
harvesting Lepironia grass, which was allowed to remain in the project area but not be enlarged.  
Table 5.1 Main household livelihood activities contributions to local subsistence 
No. Livelihood activities Percentage (%) of activities 
2004a 2006b 2011b 2014c 
Land-dependent activities 
1 Rice farming 36.3 41.5 25.4 25.2 
2 Harvesting Lepironia & mat weaving 7.8 10.6 21.9 31.1 
3 Rice farming and harvesting Lepironia 17.2 16.1 9.2 12.4 
Non-land-dependent activities 
4 Casual worker for project - 1.1 2.7 3.1 
5 Local government staff* 0.2 0.4 2.1 2.2 
6 Trade/vendor 4.1 2.9 3.7 3.6 
7 Labor worker 0.6 1.8 1.6 2.0 
8 Others** 33.8 25.6 33.4 20.4 
Total (%) 100  100 100 100 
Number of household/members 111/512 100/547 111/520 110/515 
*: monthly pension for the elective positions such as village or hamlet leader, assistants of district brigade 
and forest ranger team.   
**: including people without an income (retired or children) and off-farm activities with trivial incomes 
(irregular fishing, livestock raising, wood collecting, etc.). 
(Sources: a: Triet et al. (2015); b: Ni (2013); c: by the author in 2014) 
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Figure 5.1 Study area location (a) within the Kien Giang Biosphere Reserve (b) 
The project also provides technical training to the local people to restore and improve Lepironia grass 
productivity in the Materials Growing Zone to ensure a rotational harvest, thereby decreasing the pressure 
on the natural Lepironia grass. The new rules governing Lepironia exploitation, including a grass harvest 
technique and exploited areas, were incorporated into district law, and enforced by the community. As 
the acknowledgement law alone was insufficient to protect the wetland from over-exploitation, the local 
government had an incentive program incorporated into the project to redesign the rice farming area, and 
played an important role in upskilling the local farmers in irrigated rice farming.  
The study area (PMP) was selected because it represents a highly biodiverse grassland wetland that 
provides multiple ecosystem services, but at the same time provides resources that a low income 
community is dependent upon. The project area contains approximately 350  households (Ni, 2013) in  3 
hamlets (Tran The, Kinh Moi, and Tra Phot) of Phu My village. The villagers who live in the project area 
are 95% Khmer, an ethnic minority in Vietnam. The project area is remote, located approximately 7 km 
from the Vietnamese-Cambodian border. Prior to the project implementation, the entire wetlands in the 
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boundary, including Lepironia grassland, were classified as uncultivated or wasted land and managed by 
the local government. The local Khmer appropriated the common land and practiced traditional rice 
farming by “field burning”. However, according to the current Land Law of Vietnam3, such land is not 
privately owned and is administrated by the State. The land use rights are granted to individuals, 
households, enterprises and other organizations with an official certificate (called Red Book). By 
declaring that the wetland area is under government management and giving it to PMP for conservation, 
the local government officially enforced the locals to stop growing rice when the project began. However, 
after the establishment of the project, the illegal encroachment of adjacent communities and conversion 
of grassland to rice farms, and the plan to dig new canal across the project area to supply fresh water to 
a large shrimp farms located south of the project, were banned. A number of illegal expansions of rice 
farms close to the border of the conservation area were reported (Triet, 2010). In addition, to ensure 
sustainable exploitation Lepironia grass, the indiscriminate cutting of the whole grass culm (as 
previously implemented by the local people) was banned and replaced by selective pulling of long stems, 
which is a more laborious technique. This resulted in a huge amount of resentment due to conflicting 
interests between conservation and economic development of the grassland-dependent communities. The 
hostility turned into a land tenure dispute between de jure rights owned by the local government and de 
facto community customary rights. Although the local government has made efforts to resolve the 
conflict with the local Khmer people who remain on the agricultural land in the area, the tenure disputes 
seemed intractable. The unresolved disputes have caused delays in the issuance of land certificate grants 
for the project, which, in turn, has led to further degradation and losses of the wetland grassland due to 
further human disturbance.  
 Framework for analysis 
Land use and land cover are the result of social and ecological processes on a landscape, and are driven 
by complex causes or driving forces. Geist and Lambin (2002) divided driving forces into “proximate 
causes” and “underlying driving forces”. The former are concerned with “human systems”, while the 
latter are related to fundamental socio-ecological systems. Further complicating the situation is that the 
interactions between human systems and ecosystems are shaped by cross-scale interactions, non-linear 
                                                 
3 “Land belongs to the State - all under the ownership of the whole people” (Article 19): Land Law Reforms in Vietnam - 
Past & Present, http://law.nus.edu.sg/asli/pdf/WPS015.pdf  
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feedback, and uncertainty, and other factors (Gunderson and Holling, 2002; Liu et al., 2007; Young et 
al., 2006). Traditional analysis has focused on separating the individual pieces of what is being studied 
(in fact, the word “analysis” actually comes from the root meaning “to break into constituent parts”). 
Although some scholars have studied coupled systems as complex adaptive systems (Gunderson and 
Holling, 2002), most previous studies have  been theoretical rather than empirical. 
In contrast, “systems thinking”,  a methodology for visualizing interrelationships within a complex 
system,  is a “new way of thinking” to help understand and manage the “natural” and “people” systems 
associated with complex problems related to  sustaining and enhancing natural resources (Bosch et al., 
2007a). Thus, they measure not only ecological variables (e.g. landscape patterns, wildlife habitat, and 
biodiversity) and human variables (e.g. socioeconomic processes, social networks, agents, and structures 
of multilevel governance) (Schultz et al., 2007), but also provides a framework for managing change and 
complexity over time, through the understanding of a causal feedback structure embedded in complex 
systems (Mathews and Jones, 2008). The application of systems thinking has grown extensively and 
encompassed work in many diverse fields, including  natural resources management (Allison and Hobbs, 
2006), environmental conflict management (Elias, 2008) and community development (Midgley and 
Ochoa-Arias, 2004). Systems thinking is a holistic approach to analysis that focuses on how parts of 
system are constituted and interrelate, and how elements work over time and within the context of larger 
systems.  
 Modelling method 
A “system” consists of interdependent and interacting parts with a common purpose. Systems analysis is 
used to analyze the systems and the interactions within those systems by conceptualizing mental model 
structures with the help of causal loop diagrams (CLDs) resulting from a group model building (GMB) 
process (Maani and Cavana, 2000; Randers, 1980; Rouwette et al., 2002; Sterman, 2000; Vennix, 1995; 
Vennix, 1996; Vennix, 1999; Vennix et al., 1996; Vennix et al., 1992). Systems analysis focuses on: (i) 
identifying a problem in a boundary system; (ii) developing a better understanding of the problem by 
clarifying the cause and effect relationships and the feedbacks between different components in a system; 
and (iii) building a conceptual model of the system at the root of the problem. In this study, this process 
was adopted to form an understanding of the different drivers influencing wetland conversion in the study 
area and to facilitate the formulation of recommendations for wetland biodiversity conservation while 
enhancing the local community’s livelihoods. 
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As in almost all problem-solving approaches, problem structuring is the first important phase in systems 
thinking theory. In this phase, a problem is defined and the scope and boundaries of the study are 
identified by a review of literature and through consultations with relevant stakeholders (Maani and 
Cavana, 2007) during a visit to the study area. The scope and boundary of the system in this study was 
then identified to develop the initial conceptual model focusing on the main factors: welfare, land-based 
livelihood demand, agrarian land demand, land demand, livelihood activities, livelihood production, and 
land cover (Figure 5.2).  
Figure 5.2 Research systems model boundaries and primary illustration of feedbacks and 
interaction between drivers. 
In the second phase, a CLD was developed to represent the causal links between variables, and polarities 
of the links and feedback loops (Andersen et al., 1997; Lane, 2008; Richardson, 1997; Schaffernicht, 
2010) to understand stakeholder’s motivations in converting land use in the study area. This was the 
outcome of the GMB, a method described by Vennix (1996),  Andersen et al. (2007) and Richardson 
(2013), to identify the variables, the major causal links and feedback loops (Hovmand et al., 2012; 
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Richardson, 2013; Rouwette et al., 2002). In order to increase the understanding of the complex 
interactions from different sources of data, a triangulation process was used to increase the accuracy and 
validity of measurements (Denzin, 1989; Smith and Kleine, 1986; Webb et al., 1966). The CLD was then 
validated with the GMB participants. 
 Group Model Building (GMB) 
GMB has emerged as a methodology not only for gathering data from people, but also capturing the 
feedback relationships between land-cover change and the driving forces causing this change. GMB is a 
qualitative method that engages a team of people in the process of conceptualizing a system model by 
sharing knowledge, learning and reaching a consensus about the issue being studied (Andersen and 
Richardson, 1997; Hovmand, 2014; Vennix, 1996; Vennix et al., 1996). For the purpose of this research 
and to guide participants’ discussions during the GMB process, the participants collectively answered 
questions using the ARDI concept (i.e. Actors [stakeholders], Resources, Dynamics [processes], and 
Interactions) (Mathevet et al., 2011) using the system diagrams described by (Etienne, 2006). A systems 
map was then developed and information was sought about the feedback relationships between 
community activities and land-cover change by describing the actors, their resources, the processes and 
the interactions between them. 
The GMB sessions had two main phases. During the first step of the GMB, the participants used their 
own mental models to identify and reach a consensus on land-cover classes, changes among those classes, 
and the drivers causing each land- and wetland grassland-cover change in their own village areas. In the 
next step, participants collectively shared their perceptions of causal relationships among the variables 
generated from the first step, to develop a CLD, or system map, illustrating the community’s theory of 
changes in land use. Not all of the variables were included directly into the diagram and new variables 
were allowed to be included during the drawing process.  In this session, the first author played a role in 
setting up questions for discussion and provided technical assistance when the groups created their CLDs. 
At the end of the GMB process, the participants determined the major land-and wetland-cover change 
patterns, along with the major causes of these changes. 
In selecting GMB participants, we applied four criteria: a) the participants should be the local Khmer and 
Vietnamese people whose livelihoods are dependent on exploitation of Phu My grassland wetland; b) the 
participants should originally come from villages within or near to the study area; c) the participants 
should have working experience of the study area before and/or after the Phu My project (PMP) 
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established; and d) the participants must have successfully completed high school education or 
equivalent. The first three criteria were applied to ensure the representativeness of the community in the 
study area, while the last criterion was applied to assure an effective delivery of systems thinking training 
to the participants. In addition, we identified 25 local people that had also been recruited by/worked for 
the PMP as their village facilitators matched the participant selection criteria. 
In GMB session, participants were grouped based on the villages that they work in. Two GMB workshops 
were conducted in Phu My village, Giang Thanh district, and in Rach Gia district, Kien Giang province. 
The aforementioned purpose was sent to the experts together with an explanation about the project in an 
invitation letter (Appendix B). No previously background literature was sent. The sessions lasted for 
approximately 2 hours. The lead author facilitated the GMB workshop, which was conducted in two 
groups. The intention of having a homogeneous group (Rach Gia group) and a multi-disciplinary group 
(Phu My group) was to increase the robustness of the ﬁndings when cross analysing the results to draw 
conclusions. 
The ﬁrst step of the GMB session was to introduce the CLD technique to the participants. Examples of 
CLDs were shown and the procedure of building CLDs was explained. The starting variable of the CLD 
was deﬁned using the participants’ own mental models to identify and reach consensus on land-cover 
classes, changes among those classes, the drivers causing each wetland and land cover change in their 
own village areas. In the second step, the experts were asked to brainstorm the ﬁve most relevant 
variables they could think of, connected to the starting variable. After this step, group members were 
invited in a round-robin fashion to name one variable (from their list) which was perceived as a potential 
cause of the starting variable (land-cover changes and wetland degradation impacts). The variables were 
transferred to a white board, then the participants identiﬁed the causal links and their polarities between 
the variables. This procedure was repeated until all the perceived causes were placed in the CLD. In the 
next step, the participants were asked to consider the potential consequences (effects) of changing the 
main variable by looking at their list of variables. They were then added to the CLD. In this session, the 
first author played a role in setting up questions for discussion and provided technical assistance when 
the groups created their CLDs. At the end of the GMB process, the participants were invited to look for 
connections between consequences and causes, i.e. consequences which in turn can be considered as 
causes of the “original” causes, thus identifying feedback loops, including the actions for future 
intervention to address the drivers of land-cover change.  
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 Triangulation through direct observations and secondary data collection 
Bias is any trend or deviation from the truth in data collection that occurs either intentionally or 
unintentionally,  and it can occur when participants are put under some kind of pressure to provide 
information (Gardenier and Resnik, 2002). Triangulated techniques  are therefore helpful for cross-
checking to overcome intrinsic biases and increase the in-depth understanding of the phenomenon 
(Yauch and Steudel, 2003). Triangulation is also typically perceived to be a strategy for improving the 
validity of evaluation findings: “... triangulation is supposed to support a finding by showing that 
independent measures of it agree with it, or, at least, don't contradict it” (Miles and Huberman, 1984, p. 
235).  
Methodological triangulation was used to minimize bias during a visit to the study area in 2013, when 
conducting interviews with the community members as groups and individuals. A set of questions about 
land-cover changes over the last 10 years (before and after project implementation), drivers of land-cover 
changes, community livelihood activities (with a focus on Lepironia grass harvest, making and selling 
handicrafts, rice farming and field burning agricultural practices), government intervention programs and 
community expectations for improving livelihoods, were asked in groups similar to those designated for 
the GMB process (Appendix C). To employ a strategy of triangulation to increase the validity of the 
findings (Mathison, 1988), following the group interviews, we conducted informal individual interviews 
with open-ended questions in the villages of Tran The, Kinh Moi, and Tra Phot, to allow participants to 
speak freely about issues that they did not feel comfortable to raise  in the group situations. The 
information from both the group and individual interviews was recorded and compared with the results 
from the GMB process. 
The qualitative information collected from the GMB sessions and triangulation process was then cross-
validated through a data source triangulation process (Huettman, 1993). In this regard, secondary data 
were collected from a PMP survey of 111 households in the study area, conducted in 2003 and 2011 on 
assessment of livelihoods, the status of the physical ecosystem prior and after establishment of the 
biodiversity conservation project. The data collected included, current village populations, household 
average income and expenditure, household rice production, Leporina grass harvest and its supply chain, 
Leporina grass condition, participation of local communities in biodiversity and Sarus Crane 
conservation. Three major land use types were identified during the survey, which was in accordance to 
the classification of PMP in 2012. The land use types were:   mixed grassland (Lepironia articulate, 
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Eleocharis dulcis, E. ochrostachys, Ischaemum rugosum, and Melaleuca cajuputi); rice farms; and 
degraded land. 
Due to time constraints during the GMB sessions, only preliminary versions of the CLDs were developed. 
There were still missing links and loops between variables in the CLDs. The CLDs were further 
developed by the participants together with the authors in individual interviews to complete the CLDs. 
In addition, 15 in-depth interviews were conducted, being divided into three groups.  Group 1 was 
composed of local government officials (policy makers and technical staff at commune, district and 
provincial levels). Wetland scientists, experts, and the representative of Phu My project manager were in 
Group 2, while Group 3 comprised hamlet leaders and farmers, who were the representatives for the local 
communities. These interviews helped generate insights into local practices concerning the use and 
management of the wetland grasslands by different groups in the village. The interviews also provided 
information on the causes and consequences of construction of the CLD of land use change and 
perspectives on wetland grassland management of multiple stakeholders. 
Prior to undertaking the interviews, relevant interviewees were identified, contacted and their consent to 
be interviewed obtained. An interview protocol was developed to ensure a rigorous and ethical interview 
process was followed (Appendix B). The local embedded case studies were situated approximately 10km 
from PMP site, and interviews were set up with prior contact. In addition to the interviews, observations 
within the local case study areas were taken and relevant documentation (e.g. PMP documents, local 
government’s plans, etc.) were also collected. 
 Analysis of the feedback relationships and model validation 
Following the GMB sessions and triangulation process, in order to refine and validate the system models, 
the synthesized CLD was built and analyzed by identifying the feedback loops formed in the model. A 
CLD can be used to analyze and capture people’s mental models, and hence it may be useful in analyzing 
the dynamics of causes and effects, which are responsible for overall system behavior (Sterman, 2000).   
In the CLD, the arrows that link each variable indicate places where a cause-and-effect relationship 
exists, while the plus (+) or minus (-) sign at the head of each arrow indicate the direction of causality 
between the variables when all the other variables (conceptually) remain constant. The process of 
refinement of variables and reviewing connections to consolidate the CLD was to identify the main 
factors of wetland conversion and degradation, parameters of drivers, and the pattern of wetland 
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conversion. In dynamics terms, a system is composed of its state variables: these are endogenous 
(responsive  to  change) and exogenous drivers (the cause of  change) to the land-use change (Lambin et 
al., 2003). It is the relationships among these drivers that are of central interest.  
Endogenous drivers emerge from the internal feedback relationships in a system boundary or “arise  from 
within” (Sterman, 2000, p. 95). In contrast, exogenous drivers arise outside the system boundary but have 
an influence on the endogenous drivers (Sterman, 2000). According to Walker et al. (2012), the 
exogenous factors are the key drivers of changes in the system, and the impacts are mediated by 
endogenous conditions.  
The drivers were clustered into five categories, namely Community welfare, Livelihood demand, 
Agrarian Land demand and production, Livelihood demand, and Community livelihood activities (Figure 
5.2). Feedbacks are seen as an important feature of complex systems such as land-use systems, and key 
characteristics of the deterministic complexity of such systems (Manson, 2001). Therefore, the CLD was 
analyzed by identifying the feedback loops formed in the model.  
Feedback loops can be reinforcing or balancing (Richardson, 1986). The validation process of the final 
CLD was carried out during the interviews and reviews with 15 experts, 12 of whom participated in the 
GMB process. The outcomes of the validation process were the identification of reinforcing (+) or 
balancing feedback loops (-). Positive feedbacks are self-reinforcing and concern interactions between 
the effects and drivers of land-use change that amplify the effects of these changes (Lambin et al., 2003). 
Unlike reinforcing loops, balancing loops (negative feedback systems) are found when the effects of 
land-use change mitigate further change or keep a system at a desired state (Maani and Cavana, 2000) 
and are known as goal-seeking processes (Verburg, 2006). These steps in the systems thinking approach 
build on the method proposed by Vennix (1996) are  represented in Figure 5.3. 
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Figure 5.3 Outline of methodology 
 Results 
 Land-cover change  
The PMP is located in Phu My commune, Giang Thanh district, which was separated from Kien Luong 
district (part of the HTP) in 2009. Therefore, almost all the data on land-cover changes of different major 
land use types was drawn from reports for that was prepared for Kien Luong district.  
The land-cover classes present in the study area, and the changes between these classes, are summarized 
in Figure 5.4 and Table 5.2. The most substantial land-cover change was the conversion of natural swamp 
to rice fields and aquaculture. Land cover in  Kien Luong, HTP (Table 5.2) changed gradually from 
primary swampy forest dominated by a mixture of Melaleuca seasonally inundated grassland, to 
shrubland, rice fields and aquaculture enterprises, which were gradually abandoned after a few years of 
operation leaving behind  degraded wetlands (Triet et al., 2015). Our observations showed that large 
parts of the seasonally inundated grassland were lost owing to their conversion to rice fields and shrimp 
ponds. This is consistent with the findings of Funkenberg et al. (2014) from a study of land-cover changes 
of the two major seasonally inundated grasslands in the HTP, which found that the loss of 91,304 ha of 
grassland in the HTP (from 1991 to 2009) was associated with the expansion of rice and aquaculture.  
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Table 5.2 Change of land cover in Kien Luong, Ha Tien Plain 
Land cover Area (ha)* Change between 2005 and 
2013 (%)  2005 2010 2013 
Rice field 37,425.00 73,303.00 101,365.00 170.84 
Forest 12,530.03 10,278.00 7,258.63 - 42.07 
Aquaculture 6,650.00 7,113.00 10,390.00 56.24 
[Source: GSO (2013); (Son and Tu, 2008; Viet and Binh, 2014)] 
* The data was calculated for both Kien Luong and Giang Thanh provinces. 
 
Figure 5.4 Status and model of land-cover change in the study area. 
During the interviews undertaken in the study, 100% of households reported that they wanted to own a 
rice farm as means to subsist. Triet (2010) reported that wetland encroachment was gradually reduced by 
enforcement, but illegal rice growing activities still occurred in areas with restricted access designated 
for wetland conservation. Overall, three major types of land-cover change associated with community 
livelihood activities were identified: the conversion of wetland grassland and mixed grass and Melaleuca, 
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to rice fields and shrubland; conversion of shrubland to ponds and planted forests; and regeneration of 
vegetation cover.  
 Drivers of land-cover change 
The rapid economic growth in the 1990s had resulted in a large proportion of the wetlands in the HTP 
being converted to rice fields and shrimp ponds. Legal and illegal conversion of the wetlands continued 
until 2007, three years after the establishment of the wetland conservation program in 2004. The main 
activities of the local farmers were rice cultivation, animal husbandry, exploitation of Lepironia grass 
and fishing. It is likely that these activities were the main factors influencing the land-cover change in 
the study area. 
During the survey and triangulation process, 28 endogenous and 5 exogenous drivers of land-cover 
change were identified. Land-cover change was always caused by multiple interacting factors and a mix 
of different driving forces that varied over time and spatial complexity. It is therefore possible that some 
of the factors may have been driven by other systems outside the model boundary. Among the identified 
drivers, we considered 21 endogenous and 3 exogenous drivers that drove the wetland grassland cover 
change in the study area (Figure 5.5). The socio-economic drivers, such as community welfare (food 
expenditure, savings, income generation and other household expenditure) and food sources (mainly 
rice), played important roles in changing the community demand for food and income improvement 
(Table 5.1). These basic subsistence demands are the first considerations of the community in their 
production activities such as Lepironia grass exploitation, appropriation of wetlands for Lepironia grass 
cutting, and the cultivation or expansion of rice farms (Table 5.3). The local Khmer still applied field 
burning - using fire to burn grasses that grew on their paddies to prepare land for the new crops or burning 
grasses in their exploitation of Lepironia grass and conversion of the land to rice fields or other land uses. 
Wild fires also caused by careless poachers or honey collectors smoking out bees from proximate 
Melaleuca forest and/or regular arson attacks. When farmers used the field burning practices in their 
fields at the end of the rice harvest during the dry season, this sometimes resulted in uncontrolled fires 
which spread to other protected sites, accidentally or, in some cases, intentionally. The fallow land area 
resulting from the overexploitation of Lepironia grass land and unproductive rice farms was left for the 
regeneration of grassland or converted to other forms of land use. The conversion to other forms of 
agricultural production was facilitated by the canal systems constructed along the boundaries of the study 
area, which provided the needed water supply. 
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Table 5.3 Income contributions from livelihood activities of communities in Phu My commune 
No. Major activity  Share of income from livelihood activities (%)  
2006a 2014b 
1 Rice farming 19.8 16.6 
2 Harvesting Lepironia & mat weaving 10.5 12.7 
3 Casual worker for project 32.7 27.4 
4 Trade/vendor 15.4 21.8 
5 Labor trade 14.6 14.3 
6 Others* 7.0 7.2 
Total (%) 100 100 
Number of household/members 100/547 110/515 
*: including the irregular income and savings from off-farm activities (fishing, livestock raising, wood 
collecting, etc.) which contributed to homemaking, retirement or raising children. 
(Source: (a) data collecting from Le (2007) and (b) survey data of  the author  in 2014). 
 Feedback loops influencing land-cover changes 
The results from the conceptual model indicated that there were 18 feedback loops, each of which 
represented different influences on land-use and land-cover changes in the study area (Figure 5.5, Table 
5.4), using arrows connecting the names of main model components in defining major loops. These 
feedback loops comprised 10 balancing (B) and eight reinforcing (R) loops, representing four principle 
different existing land uses, with the dynamics of the system being controlled by three major loops R1, 
B4 and R5. These loops are related to community subsistence activities that directly convert wetland 
grassland (R1 and B4), and the expansion of rice farms to fulfil the need for food (B5).  
Loop R1 plays an important role as a driving force for Lepironia exploitation as the first priority of 
livelihoods of the local community. The Lepironia grass is the material used for making traditional 
products of the local Khmer ethnic group, who comprise a large component of the population living in 
the project area. The farmers, on one hand, intensively extract Lepironia grass from the open and 
appropriate natural Lepironia land to secure their households’ harvest. The restoration of Lepironia 
grassland from degraded grassland and abandoned rice farms is to secure the growing demand of 
Lepironia grass harvest for making mats of the locals. As the Lepironia grassland area expands, grass 
harvest increases, leading to an increase in community incomes. Loop B4 is principally driven by 
population growth, the desire to increase food self-sufficiency and to reduce expenditure on food. Phu 
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My village is located in a remote area. Rice farming and self-production of food are critically important 
to the local communities, accounting for more than 50% of household incomes (Table 5.1).  As the 
population grows the demand for rice also increases. This increases land clearing activities, leading to 
increased food production and improved food availability, which in turn allows the population to grow 
further. The results of the survey of changes in household land area (Figure 5.6) clearly indicated an 
increase in number of landowners with 1.0-5.0 ha over the period 2004-2014. The survey also found that 
in many cases, the failure of wetland reclamation for growing rice and the failure to obtain land ownership 
certificates and rights, due to illegal wetland acquisition were the main factors in limiting the size of 
household areas of cultivated land.  Some of farmers sold their farms due to their lack of capability for 
investment in rice farming.  These farmers became landless and tended to be increasingly dependent on 
the exploitation of natural resources to sustain their livelihoods. 
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Figure 5.5 Feedback loops and drivers affecting land-cover changes within the study area.  
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Table 5.4 Main feedback loops affecting the dynamic behavior of wetland grassland conversion 
and degradation in the Phu My grassland area 
Loop name Feedback loop description 
Lepironia exploitation 
B1 Conventional Lepironia exploitation.  
R1 Conventional appropriation of wetland for Lepironia exploitation. 
R2 Expansion of Lepironia land from degraded land with transition to rice land.  
B2 Shifting cultivation from rice field to Lepironia land caused by R2. 
R3 
Shifting cultivation from rice field to Lepironia land owing to failure of rice 
farming. 
Rice cultivation 
R4 Conventional rice production. 
B3-R4 Conventional shifting cultivation (grassland to rice farm) caused by R4.  
B4 Conventional rice farm expansion from grassland.  
R5 Expansion of rice farms with Lepironia land transition. 
B5 Additional rice production caused by R2. 
R6 Rotation of Lepironia and rice. 
Arable land availability for livelihood 
R7 Influence of failure Lepironia conversion to rice farm on available arable land. 
B6-R7 Impact of field burning practice caused by R5. 
B7 Influence of rice farm expansion implication to arable land availability. 
R8-B7 Impact of rice farm expansion caused B8. 
R9  Availability of arable land from degraded land. 
Generation of wetland 
B8 Grassland generation from degraded land. 
B9 Grassland generation from Lepironia land. 
R10 Grassland generation followed by failure of rice farming. 
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Figure 5.6 Change in household land area in the Phu My commune (Source: data for  2004 and 
2006 were recalculated from  Le (2007); Ni (2013) and for 2014 survey data by the author) 
Generally, the farmers used to pass down their farm assets to their children, either by dividing their rice 
farm or the uncultivated wetland. The reinforcing loop R5 represents the cycle of Lepironia grassland 
conversion to rice farms under the pressure of population growth. This reinforcing process was driven 
by the excavation of canals that facilitated rice cultivation, and resulted in increasing conversion from 
Lepironia grasslands to rice fields. Field burning, clearing land for agriculture by fires and poor soil 
management of the unfertile soil in the study area are other contributors to land-cover changes, resulting 
in an increase in fallow and degraded areas. This type of land then becomes available for other uses. 
Among the 10 feedback loops relating to fallow land as a transition stage, four are reinforcing feedback 
loops (R2, R4, R8 and R10). Of these, two are accelerated land conversion to rice farms (Table 5.2) (R4 
and R10), while R2 and R8 caused land-cover changes by intentional or unintentional fires.  
A proper balance between the reinforcing and balancing loops would be required to ensure sustainable 
land-use change and land-use management in the study area. Feedback loop B6 and B7 work against the 
expansion of rice fields and Lepironia grassland. The expansion of rice is highly dependent on the 
availability of water for irrigation and drainage. However, during drought, the saline encroachment 
further inland along the canals constrains rice production. Rice farming, Lepironia grass harvest and 
making mats are the main livelihood activities of the local communities (Table 5.1). Hence, over-
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exploitation of grass and uncontrolled burning results in an increase in the area of degraded land, which 
is likely to reduce the grass yield and the amount of land available for rice production, posing a threat to 
the income of local communities.  This finding is consistent with the results of studies on water and fire 
controls in the Tram Chim wetland, where the same vegetation conditions exist. Ni et al. (2006) and van 
Der Schans (2007) concluded that fire was the main factor that damaged the wetland ecosystems, such 
as destruction of vegetation and peat, reducing the surface organic layer,  increasing surface erosion and 
reducing the number of  animals.  Studies on the effects of acid sulphate soil reclamation on rice 
cultivation in MD (Hanhart and Ni (1993) and Hanhart et al. (1997)) had the same conclusions, that the 
more developed acid sulfate soils would fail to reduce the acidity, causing the water to also become 
acidic. Such acid soils are an  unfavourable condition for rice cultivation (Husson et al., 2000), and also 
caused aquatic vegetation changes in MD (Triet, 2000). The surveys conducted by Ni (2013) and Triet 
et al. (2015) found that rice cultivation on the former grassland produced very low grain yields of 3.14-
4.53 ton/ha/year, compared with an average yield in the MD of 4.85-6.57 ton/ha/year (GSO, 2010). Le 
(2007) and Truyen et al. (2014b) reported that to overcome the shortage of food and cash income, the 
local people had insensitively exploited the wetland resources with the destructive harvest of the 
Lepironia grass that put it beyond the limits of  self- regenerating capability in the rainy season. As this 
impact has increased, more of the local people have had to search for alternative means of subsistence 
and off-farm jobs. A proper balance between the reinforcing and balancing loops would be required to 
ensure sustainable development of tourism in the region. 
 Discussion 
 Role of the endogenous drivers (fires, livelihood activities and welfare) in the 
degrading of the tropical wetland grassland area  
The dynamic nature of tropical wetlands and the various stresses that contribute to their dynamism raises 
important questions for policy makers. This study shows the importance of wetland resources 
management for understanding the complexity of human-wetland interactions and their dynamic and 
adaptive interrelationships. Land-use and land-cover changes result from a range of natural and human 
factors within social, economic and political contexts. Land-use transitions can be major drivers of 
deforestation and other types of habitat degradation (Lambin et al., 2001). The study suggests that field 
burning practice and poor soil management of paddy fields resulted in an increase in the abandonment 
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of land in the study area. The results from a survey in 2006 indicate that 5% of local people (out of a total 
520) still use fire combustion to collect Melaleuca shrubs for fuel and to stimulate Lepironia grass growth 
(Ni, 2013). While there is still a degree of uncertainty with regards to the effects of fire on the 
abandonment of the wetlands, with appropriate frequency and intensity, forest fires have an active role 
in maintaining and enhancing the biodiversity of wetland ecosystems, especially in herbaceous plant 
communities (Ni et al., 2006; Truyen et al., 2014a). Studies on fire control in the Tram Chim National 
Park in the MD, which shares similar vegetation cover to the study area, have found that the extensive 
fires during the dry season and the permanent impoundment of protected areas to reserve water for fire 
suppression, cause damage to the wetland ecosystems, including the destruction of vegetation, reduction 
of the surface organic layer and increased surface erosion (Ni et al., 2006; Truyen et al., 2014a; van Der 
Schans, 2007). Hoa et al. (2007) stated that uncontrolled fires, especially in dry season, coupled with 
drawdowns caused by digging canals, may be the cause of the decline in grassland area that directly 
reduces the Lepironia grass harvest in Phu My. Government interventions, such as the establishment of 
a community fire brigade and strict regulations, may not ease the situation, because the systems analysis 
showed that these direct measures are not likely to be effective due to the fact they do not address the 
endogenous drivers that form feedback relationships leading to land-cover change (Figure 5.5).  
Burning is a cultural tradition of the local Khmer people and will continue to take place in the study area 
if future policy interventions fail to recognize the community motives behind land-use conversion. One 
of project managers explained that “The farmers both intentionally and unintentionally practiced burning 
in the contiguous area of agricultural land and protected grassland. If the project or local government 
staff did not recognise it, the farmer then encroached and cultivated rice. These activities were not the 
only factor causing grassland loss and degradation. The presence of people in the protected area in the 
dry season will also scare the Sarus Crane”. 
Numerous studies have shown that the most common types of interaction of drivers of land use change 
is synergetic factor combinations, and those relationships are governed by both nature and human rules 
(Geist and Lambin, 2002). This implies that the combination of multiple drivers produces an increased 
effect due to reciprocal action and feedbacks between the drivers. On that point, the wetland expert 
asserted that “Burning grass would both decrease the grassland and might also change the flora and 
fauna. This definitely impacts the wetland grassland conservation objectives to preserve the biodiversity 
of the Phu My wetland grassland”. Hence, fire should not be regarded as the sole driver of vegetation or 
land-cover change in the study area.  
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The conversion of wetland grassland is the result of extraction activities of the Lepironia grass by the 
local Khmer community, followed by illegal encroachment and occupation of land for households to 
secure their grass harvest. Prior to the PMP, the local community accessed the site freely to harvest 
grasses and for rice farming. In one discussion during a research field visit, one of the Khmer hamlet 
leaders confided that “This (the PMP site) was formerly our forefather’s land. We settled here quite a 
long time ago and practiced our traditional harvesting and farming practices on any fields or land that 
we preferred. The land that we cleared for farming obviously belongs to us without the requirement of 
land tenure certification”. Classified as “waste land”, the wetland grassland has traditionally been treated 
as “public land” and was exposed to “open-access” pressures, with the absence of enforceable property 
rights, which allowed unrestricted depletion of the resource. Land disputes have hampered the 
establishment of protected boundaries. At the commencing stage of the project, there were some isolated 
claims that the wetland area belonged to various local people and that these people were considered for 
deserved compensation by local government. However, according to pioneer and member of project 
steering committee, one of obstacles for the establishment of project was the “land grab for trade” of 
some people government officials rather than the real need of lands for producing foods or generating 
income for local communities: “Other than the disputes from inconsistencies or unclarity in land laws 
and policies, protest against below-market compensation or corruption in land transactions that 
intensified tenancy arguments. Many of them are government officials, claimed they own lands, often 
without proofs (official land certificates), in the protected area with the intention to possess and later 
sell lands for money intensify”. In the meantime, the expansion of rice land by illegal appropriation and 
clearing the wetland under conservation will continue to decrease the area of Lepironia grassland and 
likely degrade the grassland ecosystem within the study area. According to the project manager’s 
observations, “The wetlands reclamation tends to be more prevalent in the uplands where land is higher 
and suitable for drainage to allow rice cultivation, because these areas have higher densities of rural 
inhabitants. The demand for food security by the local population, and land tenure issues (after project 
establishment) have led to an acute shortage of land. In most instances, drainage generally takes on the 
form of edge-encroachment by periodic burning of grass in the dry-season”. 
In response to the demands of the local government and communities relating to “the balance of 
conservation and economic development” the project manager pointed out that “Some farmlands in Phu 
My area that were converted from grassland, are so acidic and could only marginally produce crops. 
These current paddy fields are, however, better and suitable for planting Lepironia to increase raw 
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material to supply for craft business”. The failure of soil reclamation would render soil and water 
becoming more acidic (Hanhart et al., 1997) that are unfavorable for rice production. Furthermore, the 
increase of acidity caused vegetation to shift to communities less desirable as food for the native fauna, 
including the Eastern Sarus crane (Grus antigone sharpii) which prefers the tubers of Eleocharis (E. 
orostachys, E. dulcis, E. atropurpurea) (Truyen et al., 2014a). Many reports have been made on the 
failure of changing hydrological regime in Tram Chim National Park that impacted on the wetland 
biodiversity (Ni et al., 2006; van Der Schans, 2007). One of the wetland expert’s concern was that 
“digging of canals across the grasslands may change the annual flooding condition, that perhaps impacts 
on of the wetland’s health and its current ecosystem”. This is in line with the study in Tram Chim 
National Park that high water levels inhibit production of Eleocharis tubers, but too low water levels 
have also caused an unfavourable situation for the Eleocharis which cannot withstand dry soils  (van Der 
Schans, 2007). Similarly, Triet (2000) reported that the dense canals in the MD have created 
environmental disturbances that have favoured the spread of exotic weeds, including mimosa, and the 
loss of native vegetation, especially grasslands. This results in a negative impact on native wetland animal 
communities.  A striking example of the invasion of mimosa (Mimosa pigra) into the Eleocharis sedge 
beds in the core zone of Tram Chim has been reported as threat to the main feeding areas of the Eastern 
Sarus Crane and the Bengal Florican (Houbaropsis bengalensis), a very rare grassland bird (Triet et al., 
2004a; Triet et al., 2004b). 
In group discussions with representatives of local communities with regards to wetland conservation and 
the communities’ demand for the conversion of wetlands to rice farms for food production, a farmer 
revealed that “Unfortunately, growing rice on sulphate soils is highly risky, but we have no choice due 
to the need for food security. If we are lucky, we can harvest just enough rice for family needs for about 
8 months per year. Therefore, harvesting Lepironia grass is also important as a source of cash income”. 
The current population pressure and increased settlements, fragmentation and destruction of the grassland 
wetland, and expansion of agricultural land are the major factors contributing to habitat degradation. This 
study shows that the processes of wetland grassland loss and degradation are self-reinforcing, which 
means that as the demand for rice increases, so does the intensive use of land. In the past, the government 
tried to settle people there but no one wanted to move to such a remote area. However, infrastructure 
construction projects including canals and dikes (Figure 5.1 a), power supply and school systems for the 
flooding resettlement area bordering with the project site completed within 2004 and 2006 have 
facilitated local community to improve rice cultivation and gradually stabilize their living condition (Le, 
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2007). This also helped reducing the rural migration out-migration and increased the in-migration. To 
explain for pressure on Phu wetland, the local government officer added: “Arguably the most severe and 
immediate threat to the seasonally inundated grassland ecosystem is, however, the failure of forest 
destruction, wetland reclamation and conversion to rice and shrimp cultivation in the proximity wetland 
in Hon Chong, Kien Luong, that the area has already been affected by acidification and unsuitable for 
rice and shrimp cultivation. Such resettlements over relatively short distance has rapidly increased 
population and exacerbated pressure on arable land a wetland’s resources of Phu My grassland”. This, 
in turn, increases food production, further stimulating population growth from the immigration and the 
demand for food. Hence, the loss and degradation of grassland wetland principally arises from the desire 
of local communities to increase food self-sufficiency and their income. According to Lambin et al. 
(2001), agriculture is the major driver of land-cover change in tropical regions. This finding is in line 
with the results of another study on drivers of wetland conversion (van Asselen et al., 2013). However, 
poor drainage and the resulting acid sulfate soil with a low pH (2.5-3.5), has traditionally deterred human 
utilization of the land for rice cultivation, and farmers have then tended to abandon their rice farms after 
the first few crops (Triet et al., 2015). Many farmers in the study area do not comprehend the potential 
adverse impacts of unsustainable agricultural practices, which may eventually reduce the capacity of 
their land to provide for their livelihoods. For example, the Khmer people traditionally grew floating 
rice, which requires relatively low labor and capital inputs. In contrast, intensive rice farming on the acid 
sulfate soil requires complex techniques and high capital inputs for soil reclamation. Therefore, rice 
growing has been practised under a system similar to shifting cultivation, because farmers had to abandon 
these fields when soil acidification occurred. This has increased the area of degraded wetland grassland. 
Similarly, indiscriminate harvesting of grass was found to be an uneconomic practice and significantly 
reduced the area of Lepironia grassland over a short period of time (Triet et al., 2015; Truyen et al., 
2014b). The over-exploited grassland was then transformed to inappropriate agricultural uses (Truyen et 
al., 2014b). Since the local communities’ livelihoods and subsistence are highly dependent on rice 
farming and exploitation of natural wetland resources (Table 5.1 & 5.3), the disappearance of the 
Lepironia grass areas and the degradation of wetland as a result of these activities will have an enormous 
impact on the socio-economics of the region, as well as ecological functions of the environment and 
natural conservation.  
The results of the study also indicate that an increase in the availability of arable land resources for other 
livelihoods from the abandoned land is one of the results of unsustainable cultivation practices and 
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investment of the local farmers. Often Khmer communities live in remote areas with poor soils which 
are distant from freshwater and irrigation canals. Field burning for land preparation therefore seems a 
viable choice for them. However, from an environmental perspective, the transition from grassland to 
other land uses resulting from the grass burning often contributes to permanent deforestation, loss of 
biodiversity, a decline in soil fertility, and accelerated soil erosion (van Vliet et al., 2012). Land-use 
changes in the MD have been the basis of causal relationships linked to the landlessness and poverty of 
the Khmer people (Garschagen et al., 2012). As a consequence, farmers tend to over-exploit protected 
areas to sustain their livelihoods. This has become a major issue confronting the environmental protection 
of the study area. 
Livelihood strategies are closely linked to land holdings. However, the lack of land is  seen as the main 
cause of poverty in households surrounding the protected areas, who become highly dependent on the 
harvesting of wild resources (van Der Schans, 2007). Therefore, any means of increasing the long-term 
productivity of the existing Lepironia grass exploitation (e.g. sustainable harvesting of grass, restoration 
of degraded Lepironia grass areas, and diversity of handicrafts from Lepironia grass) and rice farming 
(improved farming techniques, introduction of rice varieties tolerant to the acid sulfate soil, and crop 
rotations), along with improving the ability of communities to generate an income through alternative 
subsistence activities (household raising of livestock and fishing), will reduce the pressure to clear new 
lands and thereby increase the likelihood of success of any wetland grassland conservation efforts. The 
objective of eliminating wetland conversion to agriculture lands can be achieved only when the poverty 
of the local people is alleviated. In the case of PMP, the enforcement of protected areas or limiting access 
to the site, without providing small-scale subsistent farmers with alternative cultivation systems for the 
acidic soils (Tri and van Mensvoort, 2004), is unlikely  to result in a sustainable wetland grassland 
conservation plan. 
When discussing the local government’s policies for the “balance conservation and economic 
development”, one of the local policy makers concluded that “Traditionally, the local Khmers were 
familiar with floating rice farming. As one of key players of project management, the local government, 
particularly the Department of Agriculture and extension workers, take part in training to improve the 
local farmer’s skills in irrigated rice farming practices, planting Lepironia to increase raw material 
supply for craft business”. Some farmlands in Phu My area are so acidic that they are only marginally 
suitable for rice cultivation. In the view of community-based wetland management, the project will sign 
a contract with the locals to restore the Lepironia grassland on the degraded wetland areas by providing 
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technical training: “Each household can sustainably grow and harvest Lepironia grass. Along with the 
open-access model, the locals are still able to harvest grass in the protected areas but not conduct rice 
farming”. The harvest technique of cutting grass is being replaced by selective pulling, and this change 
is included in project management policies for sustainable wetland conservation and poverty alleviation.  
 Role of the exogenous drivers (wetland access - roads and canals and 
commodity prices) in land-use change 
The results from the GMB and in-depth interviews revealed that the exogenous drivers, “wetland access 
- roads and canals and commodity prices”, have had a central role on decisions relating to community 
livelihoods. Before the establishment of the PMP, the plan was to convert the wetland grassland to rice 
fields by digging canals to drain and reclaim the acid sulfate soil. The study site was therefore enclosed 
by four main canals (Figure 5.1). These canals acted as “stepping stones” that helped communities to 
gain further access  into the grassland for harvesting grass, fishing, circulating fresh water for shrimp 
ponds and carrying out “field burning” agriculture (Ni, 2013; Ni et al., 2003). The newly dug waterways 
enabled drainage and irrigation, so rice cultivation could expand into the grassland area. However, 
production was very low owing to the highly acidic nature of the acid sulfate soils that required a high 
investment and more sophisticated cultivation techniques. These findings are in accordance with the 
results of other studies [e.g. (Geist and Lambin, 2001; Mather, 2009; Turner, 1991)] which concluded 
that there has been an increasing conversion of wetland resources as a result of improved access to 
wetland areas. 
The waterways are important for rice production and the enhancement of local livelihoods by providing 
higher income and improved food security. However, the canals lower the water table in the dry season. 
The lowering of the water level exposes the topsoil to oxidization to form sulfuric acid, which renders 
the soil unfavorable for rice cultivation. The acidic drainage water from the reclaimed lands for rice 
cultivation reduces the water quality (Minh et al., 1997b; 1998); it’s low pH (Hanhart and Ni, 1993) 
reduces crop production and harms aquatic life. Furthermore, the wetland expert added that “investment 
into water control has enabled farmers to increase the number of rice crops per year. The intensified 
farming practices and poor soil management techniques have resulted in the exhaustion of soils, 
declining rice yields, increased use of inputs and decreased farm incomes”. 
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The degradation of the ecosystems (land, water and soil) reduces agricultural productivity and threatens 
the wellbeing of poor farmers. Therefore, land reclamation in the study area, and water management for 
rice production, should be carefully managed to prevent the degradation of the environment and reduced 
incomes for the majority of the households who still depend on exploitation of natural resources, such as 
Lepironia grass and catching wild fish, for their livelihoods.  
Commodity prices, particularly for Lepironia grass, handicrafts and rice, are also important exogenous 
drivers that contribute to community livelihood decisions. Rice and Lepironia (harvesting grass and 
selling handicrafts) are the main  sources of  income and food supply for many poor communities in the 
study area (Ni, 2013). Fluctuations in rice yields, grain price and the Lepironia prices, have an enormous 
influence on community welfare. Rice production is unsustainable on the acidic soil but it plays a vital 
role as the main source of food and income for community households. When the price of rice increases 
and there is a good harvest season, the household’s food expenditure decreases and farmers make savings 
from rice production. This compelling benefit stimulates an increase in shifting cultivation of rice. 
Lepironia grass exploitation generates a lower income than rice but it is more regular and requires a 
lower investment outlay. In summary, the level of wetland disturbance is highly dependent on rice 
production and the price of Lepironia grass. In years when rice production is low due to floods or drought, 
harvesting grass and making handicrafts are essential for small-scale subsistence farmers and landless 
people. When the Lepironia grass and handicraft prices decrease, the community will tend to shift their 
livelihood activities to fishing or harvesting fuel wood, or emigrate to find an alternative source of 
income. An increase in the price of rice encourages farmers to intensify rice production and expand the 
area of their rice farms by converting the adjacent grassland or increasing rice production by repeated 
burning, short-term cultivation (with subsequent abandonment). Developing additional rice fields in the 
Lepironia grasslands will cause soil acidification, while  the resulting water pollution may negatively 
affect the shrimp farming areas (Triet et al., 2015). 
The exogenous drivers, therefore, have a critical role in strengthening or weakening the feedback loops 
that ultimately influence land-cover changes in the study area. In contrast to the endogenous drivers, the 
exogenous drivers are not under the direct control of communities. To overcome the constraints of limited 
land, improved cropping systems and soil management practices are needed. In addition, studies on the 
development of the supply chain and value chain for handicraft products will help increase their market 
value, which, in turn, can improve local community incomes. Collectively, these solutions will help the 
communities who are faced with the changes of key exogenous drivers. In particular, there is a need to 
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ensure that the wetlands are used sustainably so that poor people can continue to obtain the benefits they 
potentially provide. This is essential for reducing poverty. 
 Conclusion 
Analyzing and understanding the drivers of land-use and land-cover changes is important in order to 
reduce and manage the impacts and consequences of these changes. This study used a systems thinking 
approach to analyze the drivers accruing from human activities (social systems) and land use (ecological 
systems), to achieve a better understanding of the interactions between these two systems which land-
cover changes in the wetland grassland of the MD. The connections between human activities (social 
systems) and nature (ecological systems) are key factors affecting wetland-cover change in the MD. The 
results reveal that an understanding of the interaction between the endogenous and exogenous drivers of 
land-cover change, and the complexity of socio-ecological relationships, is essential for policy makers 
to succeed in wetland conservation. It is argued that a large number of failures in wetland conservation 
can be attributed to the focus on the establishment of protected areas with restriction access, which 
neglects the socio-ecological relationships and the needs of local communities whose livelihoods are 
highly dependent on the wetland resources. Appropriate zoning and clear determination of land 
ownership or land tenure issues are imperative for the community to secure land rights and sustain 
production, which could help prevent wetland encroachment and reclamation. Based on the models 
developed by this study, it is recommended that there be further studies on modelling and quantification 
of the relationships of these drivers. These studies have the potential to provide solutions to some of the 
conflicts in the complex ecosystem, and will enable policy makers to test different policy options and 
their influences on the dynamics of the socioecological system within the study area. 
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Chapter 6. A study of the factors influencing the sustainable 
management of the Phu My Lepironia grassland 
conservation area in the Mekong Delta, Vietnam 
 
 
 
The previous chapters established that the livelihood practices of local communities (e.g. rice farming 
practices, the conversion of grassland to rice farm and overexploitation of Lepironia grass) have become 
a dominant precursor of the drivers of wetland grassland degradation in the study area.  
Data were collected based on the findings in Chapter 5, and some assumptions are used for some 
unavailable data. The behaviour of the local communities in regard to Lepirona grass cultivation and 
grassland conservation for sustainable harvesting is the main focus of the assessment and discussion. 
This chapter describes how several policy interventions are developed, formulated, and tested 
quantitatively using a System Dynamics methodology. The results of this chapter aim to provide policy 
recommendations for improving livelihood outcomes and reducing pressure of wetland degradation from 
the land use and land cover changes in the study area. Changes are made to the leverage parameters under 
several scenarios to obtain an improved combination of policies for sustainable livelihoods of local 
communities and grassland conservation in the study area. The selected interventions are used to answer 
RQ 3. 
 Chapter summary 
In this chapter, a Bayesian Belief Network model of the Phu My Lepironia grassland conservation area 
in the Mekong Delta of Vietnam was developed to examine the interactions between local community 
livelihood activities and conservation objectives. The analysis revealed that more productive rice 
cultivation is likely to improve household incomes and sustainable in-situ food supply. This, in turn, is 
likely to reduce the degradation pressures on the wetland conservation areas. But unless illegal access to 
the protected areas is prevented, yield and productivity-based conservation strategies (e.g. technical 
training to improve the productivity of rice cultivation) are likely to fail. The analysis also revealed that 
Hoang Huu Nguyen, Dargusch P., and Moss P. 2016. A study of the factors influencing the 
sustainable management of the Phu My Lepironia grassland conservation area in the Mekong 
Delta, Vietnam. (Under review at Agriculture, Ecosystems and Environment). 
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grassland restoration and sustainable exploitation of conservation areas through grass harvesting for fine 
handicraft-based businesses, is more likely to lead to longer-term sustainable outcomes. It is therefore 
suggested that improving the awareness of the local Khmer community of the benefits of wetland 
conservation and the opportunities for sustainable grass harvesting, are key to reducing the current rate 
of ecosystem degradation in the area. 
 Introduction 
The Mekong Delta (MD), known as the “rice bowl of Vietnam”, although now heavily modified, has 
long supported regionally significant agriculture as well as other activities. Despite their vital importance 
for local biodiversity and providing ecosystem services, the freshwater wetland ecosystems are seriously 
threatened by unsustainable developments. Most significantly, the reclamation of wetlands for rice 
cultivation has increased greatly, often for intensive, unsustainable human use. The small wetlands that 
remain seem an attractive option in any local economic development plan. However, these small and less 
well-known wetlands are enormously important as a source of food and water for people living nearby. 
The destruction of the wetlands is driven by various causal factors which need to be untangled and 
understood, so that the management of these vital areas can be improved. 
The seasonally inundated grasslands of the Ha Tien Plain demand the highest priority because of their 
unique biodiversity, which is under increasing threat. Like elsewhere in the MD, intensive agriculture 
and aquaculture are the major causes of physical changes in the wetlands environment across the Ha Tien 
Plain (Buckton et al., 1999; Rothuis, 1998; Safford et al., 1998; Triet et al., 2000). Except where 
conservation areas have been created, these grasslands have virtually all been converted to agricultural 
uses over the last 20 years. The loss and degradation of these wetlands threaten to reduce biodiversity 
and limit the opportunities for sustainable development of the plain (Buckton et al., 1999).  
Wetland degradation and poverty can easily become cyclical. As the wetlands are altered, the services 
they provide are lost, pushing people further into poverty, which in turn leads to further degradation. 
Failure to consider the links between poverty and conservation puts conservation interventions at risk 
(Adams et al., 2004). The significance of retaining a diversity of wetland livelihoods, and the cultural 
importance that these represent, has largely been overlooked in national development strategies. 
Although it is important to develop wetland agriculture, economic development and nature conservation 
need not to be in conflict, and should be able to co-exist in a sustainable development plan for the Ha 
Tien Plain wetland systems (Friend, 2007). Because the wetlands are sensitive ecosystems, 
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indiscriminate exploitation is not sustainable. Ensuring  that the wetlands are used sustainably will ensure 
that the  people can continue to obtain the benefits that wetlands provide, which is essential for reducing 
poverty (Friend, 2007; Ni et al., 2003). In the field of environmental conservation and protected area 
management, recognition of the importance of including the social perspective has led to a re-orientation 
from a pure conservation focus to a perspective of sustainable development, while acknowledging local 
people’s rights to use and benefit from the wetlands. The policy makers and conservation groups 
increasingly recognize the role that these areas play in supporting rural livelihoods and reducing poverty 
(Cai et al., 2005). Recently, the focus for wetland conservation has shifted from simply designating 
national parks or protected areas for their value to wildlife, to sustaining the livelihood of local 
communities, which tend to live in poverty and depend on harvesting natural resources (Cai et al., 2005; 
van Der Schans, 2007). Recently, there has been a shift in conservation management from an expert-
based approach to a participatory, community-based approaches (Agrawal and Gibson, 1999; Berkes, 
2004). Wood et al. (2013) proposed a “people-centered approach” to wetland management, a balanced 
approach that seeks to optimize the benefits for poor people, including through appropriate wetland 
agriculture, while simultaneously protecting vital ecosystem services. 
Natural resource management in protected areas and buffer zones involves conflicts between 
environmental protection and economic development (McCreary et al., 2001).  The management of such 
areas is often very complex, involving interactions between political, cultural, biological and economic 
issues. Different actors may perceive these issues differently, depending on individual perspectives and 
interests. Lewis (1996) pointed to two main reasons for conflict in protected area management: (1) the 
perceived incompatibility of meeting local people’s resource needs and at the same time protecting 
nature; and (2) the lack of involvement of local people and others who care about the land and nature in 
the planning and decision-making processes concerning such resources. Understanding stakeholders’ 
perceptions and motivations is of significant importance in relation to conservation and protected area 
projects (Hjortsø et al., 2005). The importance of stakeholder analysis is widely recognized as a means 
for gaining an insight into the complex systemic interactions between natural processes, management 
policies and local people who depend on the resource. 
The objectives of this study were: to examine the interactions between the components involved in 
wetland grassland use and conservation; to develop a grassland socio-economic sector model to identify 
key leverage points for interventions; and to use the model to explore the potential impacts of possible 
policy interventions. 
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This chapter describes the development of the Bayesian Belief Networks (BBNs) to model the grassland 
socio-economic activities and conservation sector in Phu My, Kien Giang, Vietnam, and the subsequent 
application of the model to identify potential interventions or leverage points to improve the operational 
effectiveness of the grassland exploitation and conservation. The chapter commences with an overview 
of BBNs as a tool for policy analysis. This is followed by a description of the study site and the 
conservation of Lepironia grassland in Phu My, Kien Giang, Vietnam. The development and structure 
of the BBN model for the effectiveness of grassland exploitation and conservation is then outlined. The 
results of the application of the model in identifying important leverage points are presented, and the key 
policy implications are discussed. 
 Research method 
 An overview of Bayesian Belief Network (BBN) 
BBNs, also called Bayesian analytical techniques, have received growing interest from ecological 
researchers interested in conservation, restoration and management of ecosystems and biodiversity 
(Crome et al., 1996; Ellison, 1996; Gertner and Zhu, 1996; McCann et al., 2006; Nyberg et al., 2006; 
Pollino et al., 2007; Shenton et al., 2011). A BBN is a network of beliefs about the status of a system. 
According to Smith et al. (2007b), BBNs are a tool for “organizing current thinking, and generating 
testable hypotheses that can be calibrated, validated and updated as new knowledge and data becomes 
available”. They allow scientists to combine measured responses to environmental change with a 
conceptual understanding of the ecosystem in question within a quantitative and probabilistic framework 
(van der Gaag, 1996). 
Belief networks are comprised of three elements: a set of nodes representing the key variables; a set of 
links that represent the cause-effect relationship (“conditional dependence”) between these nodes; and a 
set of probabilities representing the belief a node will be in a given state of the connecting nodes (Borsuk 
et al., 2006; Bøtcher and Dethlefsen, 2003; Castillo et al., 1997; Heckerman, 2008; Jensen and Nielsen, 
2007; McCann et al., 2006; Pearl, 1988). The causal links between nodes implies that the state of a 
“child” variable is dependent on the state of one or more “parent” variables. These nodes typically 
represent key management levers, decisions or drivers. Intermediate nodes (nodes with both incoming 
and outgoing arrows), are referred to as “summary child nodes”. Response variables are represented by 
nodes that have no outgoing arrows and are referred to as “output child nodes” (Marcot et al., 2006a; 
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McCann et al., 2006; Renken and Mumby, 2009). The behavior of any BBN depends on the conditional 
probabilities incorporated in the conditional probability tables (CPTs) which are used to explain the 
causal links between nodes. These CPTs may be derived from a variety of sources, such as using 
empirical observations, expert/stakeholder technical inputs/opinions (when measured data are not 
accessible) or appropriate datasets (Borsuk et al., 2004; Bromley, 2005; Haines-Young, 2011; Henriksen 
et al., 2004; Jensen, 1996; 2001; Pearl, 1988).                     
BBNs are a technique which is especially helpful when there is a scarcity and uncertainty in the data used 
in making the decision and the factors are interlinked, all of which make the problem highly complex 
(Henriksen and Barlebo, 2008). Another particular advantage of BBNs in environment-related studies is 
the ease of construction and interpretation of the models, which allows the combining  of  quantitative 
empirically determined relationships, as well as more qualitative expert defined ones (Haines-Young, 
2011). They also offer the possibility of combining analytical rigor with interpretive complexity of the 
models and their parameters involving a physical system that consists of several components, some of 
which influence others causally (Fish, 2011). Therefore, BBNs can be used to conceptualize and simulate 
a system that allows conclusions to be drawn from uncertain consequences and insufficient knowledge 
of a system, or to determine the effectiveness of interventions, such as alternative management scenarios 
or policies (McCann et al., 2006; Pearl, 1988). These attributes of BBNs have made them attractive for 
capturing, integrating and presenting knowledge in different disciplines. In natural resource management, 
BBNs have been a particularly useful tool for exploring the complexity of ecological and socio-economic 
systems (McNay et al., 2006; Pollino et al., 2007; Smith et al., 2007a). BBNs have been used to engage 
stakeholders and natural resource managers in systems analysis and decision-support, using both expert 
opinion and empirical data in the modeling systems (Baynes et al., 2011; Bosch et al., 2007b; Cain et 
al., 2003; McCann et al., 2006; Newton et al., 2007; Smith et al., 2005; Smith et al., 2007b; van der Biest 
et al., 2014; Walshe and Massenbauer, 2008). BBNs have also been applied to the adaptive management 
of natural resources (Henriksen and Barlebo, 2008; La Morgia et al., 2008; Nyberg et al., 2006), and 
land-use and wetlands management (Aalders, 2008; Banson et al., 2016; Keshtkar et al., 2013; 
McCloskey et al., 2011; van Dam et al., 2011; van Dam et al., 2013).  
Natural resources management deals with complex, compound and uncertain issues (or lack of adequate 
empirical data). There is often a lack of information about one or more processes involved in natural 
systems, which leads to insufficient knowledge of the underlying systems. Using expert opinion and 
knowledge in conservation science to refine and parameterize BBNs is gaining momentum (Kuhnert et 
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al., 2010). This is due to BBNs providing a way to overcome data limitations by incorporating input data 
from different sources by combining data, observations, model simulation and expert knowledge 
(Uusitalo, 2007) in making decisions in environmental management (Torabi et al., 2016). Therefore, 
BBNs are tools which are used for decision making under uncertainty in many fields, including natural 
resource management.  BBNs are particularly useful when combining expert-elicited data with empirical 
data, exploiting the full potential of the modeling flexibility (Chen and Pollino, 2012; Smith et al., 2012; 
Torabi et al., 2016). In this study, a BBN was used to piece together the network of influences among 
key biophysical and socio-economic factors believed by the researchers to affect the Phu My Lepironia 
grassland conservation (named after the dominant grass, Lepironia articulate, Cyperaceae). Then, 
through scenario and sensitivity analysis, the BBN has been used to identify policy interventions that 
may be useful in providing a solution to the problem of the conflict of land use and rural livelihoods in 
connection with community-based biodiversity conservation. The clear articulation of relationships and 
the identification of key drivers means that BBNs can also provide the basis for defining appropriate 
monitoring requirements, thus allowing  new data to be fed back into the models as part of the adaptive 
management cycle (McCann et al., 2006).  
 Description of the study site and the Phu My Lepironia grassland conservation 
project 
The degradation of the Lepironia grassland wetlands raises concerns about the loss of ecosystem function 
and services associated with these ecosystems. One major problem that decision makers face is the 
daunting complexity of exploited wetland systems. The problem facing the Ha Tien Plain is a near 
universal one in the developing world, the perceived conflict between development and conservation. 
Some new models related to sustainable economic development need to be implemented to break this 
downward spiral.  
The “Phu My Lepironia grassland conservation and sustainable use” project (Figure 6.1) was established 
to protect an area of 2,890 ha of wetlands in the Phu My commune, Kien Luong District, Kien Giang 
Province, Vietnam. The project area consists of 1,025 ha of Lepironia grass, and 735 ha of Eleocharis 
dulcis, E. ochrostachys and Ischaemum rugosum. The tubers of Eleocharis dulcis are the main food of 
the Sarus Cranes (Grus antigone). The project was first instigated to protect this threatened species, 
through the conservation of the Lepironia grassland on which these birds survive. Another objective of 
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this project is to develop a plan to sustain the local community of the minority Khmer people who live 
in this area, and whose livelihoods are dependent on harvesting grass for making mat and handicrafts. 
Decisions about the conservation of the Phu My Lepironia grassland depend on various factors: 
traditions; sustainable exploitation of natural resources by local people to maximize their income; and 
protecting the feeding and breeding sites of the endangered Sarus Crane. In January, the cranes start to 
move towards the floodplains where they forage in the wetlands until the early stages of the wet season 
(May to June). Traditionally, Lepironia grass is harvested, and agriculture and fishing are practised in 
the wet season (June to December). The intensity of these activities declines towards the onset of dry 
season (January to April). People’s livelihoods are influenced by hydrology: the local people have 
illegally dug canals across the protected sites to drain water for irrigation to their rice fields in the dry 
season, to provide food and income. Other important factors are: awareness about the importance of the 
diversity of wetlands’ habitat; opportunities for income generation from sustainable harvesting of the 
wetland’s natural resources; the existing policies about wetland protection and conservation (and their 
level of implementation); and possibilities for processing and marketing wetland products. Although the 
local community livelihoods depend entirely on the wetland resources, the level of awareness of the local 
inhabitants living within and around the Phu My wetland of its ecological and economic importance, is 
limited. This lack of awareness within the community often puts the wetland health at risk. For instance, 
the effects of draining and land clearing for agriculture, burning and overexploitation of wetland 
resources, and chemicals and wastes from rice farms and aquaculture ponds draining into the natural 
wetlands (Le, 2007; Ni, 2013; Triet, 2010; Triet et al., 2015; Truyen et al., 2014b). The complexity of 
the system, including the conflicts relating to resource use within and between communities, 
indiscriminate natural resource harvesting and encroachment of agriculture into grassland conservation 
sites, make it difficult for decision makers and wetland management. Detailed insights into these 
dynamics, and the interactions of the underlying mechanisms, are therefore needed to improve decision 
making about Lepironia wetland management. 
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Figure 6.1 Map of the Phu My Lepironia Project area with different functioning zones 
The indiscriminate harvesting of Lepironia grass by the local Khmer people, and the increasing 
expansion of rice fields into the grasslands, are the major threats to the degradation of the wetlands (Triet, 
2010). Since the establishment of the project, the protection site was split into 4 key functional areas, as 
can be seen in Figure 6.1. Any agricultural land in the area was allowed to remain, effectively freezing 
the area in its 2004 condition. While access to the wetland area is described as open, some ecologically 
unhealthy wetland was put aside for “ecological recovery” (the light green area in Figure 6.1).  
Maintaining the status quo of the ecological recovery zone is essential to ensuring the diversity of the 
project area and for the recovery of the grasses. Any illegal access is prohibited. However, local people 
are still allowed to harvest Lepironia grass in the Exploitation Zone, Materials Growing Zone and an 
Agricultural Production Zone. The priority of the project is to train the farmers in deracination, to replace 
the traditional cutting harvesting methods, to improve the production yield and quality of grass. Further 
training also aims to improve mat weaving techniques, handicraft designs and marketing of products. 
These innovative improvements have brought a better return for the farmers’ labor by developing new 
quality handicraft products which require the use of fewer raw materials compared with traditional 
handicrafts, which therefore reduces the pressure of resource harvesting. 
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 Modelling the operational effectiveness of Phu My Lepironia grassland 
conservation  
The BBN was developed to analyze the consequences of proposed management plans on the 
sustainability of conservation of the Phu My Lepironia grassland. A five-step approach was used to 
develop a BBN model of multiple socio-economic and ecological responses in the conservation site to a 
potential management scenario and to interpret model outcomes. In the first step of the model 
construction, the current understanding of the complexity of exploited wetland systems was reviewed, 
along with the previously implemented management actions, studies, and other scientific articles, to 
better understand the limitations, problems and needs of stakeholders and communities involved (Ni, 
2013; Triet and Caines, 2007; Triet et al., 2000). Based on results of literature review, the survey 
questions were structured and tested to elicit information and data on the local communities’ socio-
economic conditions: status of livelihoods; farmers’ household activities; incomes from grass 
exploitation and agriculture; experience and technical training in grass harvest and handicraft weaving; 
and constraints resulting from the conservation of the grassland. 
A community survey was conducted with a close ended questionnaire during the time between April and 
June 2014. The survey data provided the basis for defining the current state of some important variables 
and better understanding of the people’s interactions with the wetland grassland ecosystems. An 
experienced local person (local agricultural staff) from Phu My village of Giang Thanh district was hired 
to assist the author to conduct the survey. One hundred and ten households were randomly selected for 
interview roughly at a distance of 1 km from the Phu My wetland biodiversity conservation project. One 
senior person, representing each of those households was interviewed during the questionnaire survey. It 
should be noted that this survey was conducted to get a brief and quick idea about some variables used 
in BN model. The structure of the interviews is shown in Interview Questions Used to Guide Interviews 
presented in Appendix-C. Two sets of interview questions were developed: one for “expert” interviewees 
and one for the local case studies “experts”. The interview questions were tailored to the interviewee’s 
capacity to answer the questions, while maintaining the same general themes. The range of types of 
questions asked drew on the situated knowledge of interviewees in different ways including their 
background, experiences, knowledge and opinions. The interview questions were also structure in a 
sequence from easy to answer to harder in order to build the participants confidence.  
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Interviewees were asked for their permission to be interviewed and for field notes to be also taken. In 
cases where digital recording was not possible, field notes were solely relied upon. A translator was used 
for participants who could not speak or were not proficient in Vietnamese. This was particularly the case 
for interviews undertaken within the local case studies. The translator was each of hamlet leader in the 
project area (the predominant ethnicity in the villages). 
A focus group/stakeholders’ consultations program was organized in order to receive feedback about the 
first version of the BN model (Figure 6.2), the sufficiency of nodes, definition of nodes and their states 
and relationship between the nodes (Appendix D & E). The stakeholder consultation meeting was held 
on 12th June 2014 at Rach Gia, Kien Giang. Fifteen local and provincial officials, policy makers, wetland 
and biology experts, PMP management members and researchers linked with Phu My Lepironia 
grassland either for professional or educational purpose were invited to participate in the meeting.  After 
group discussions and holding multiple meetings with the community, individual interviews and field 
observations, the effective management of the Phu My Lepironia grassland was constructed (Appendix 
C). For each node, a qualitative or quantitative indicator was defined (Appendix F). Indicators were 
selected based on knowledge generated from the state of-the-system analysis of Phu My Lepironia 
grassland conservation project. Where empirical data was available from on-going research or the 
literature, states were defined quantitatively “high”, “low”). If there is debate over the inclusion or 
exclusion of variables or definitions, differences can be explored to determine consistency of outcomes 
or to allow explicit weighting of alternative views. 
Information gathered from the literature,  published records,  project reports, different government 
documents (Ni, 2013; Triet et al., 2000; Triet et al., 2015), and the experience of the project steering 
member and management team, were used to define the background of the problem and describe the 
generic process model or framework for process analysis: understanding the problem at hand and 
selecting the most appropriate domain variables; and determining the graphical structure and the 
relationships among variables. Subsequently, this information was used as the primary data input in 
designing the model, particularly for establishing the links between variables.  
Second, the initial understanding and results from survey data and the supplementary information were 
used as inputs in designing the model, particularly in establishing the links between variables. The 
preliminary BBN structure conceptual diagram of the socio-economic activities and possible 
management actions for the Phu My Lepironia grassland conservation was an influence diagram (box 
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and arrow diagram) that represents the dependencies among key variables that influences the 
effectiveness within the defined boundary context of the model.   
The influence diagram was presented and discussed with local community leaders, wetland experts, local 
provincial policy makers and the Phu My Lepironia grassland conservation project management team, 
which is responsible for the sustainability of wetland grassland management. These discussions helped 
to refine and improve the preliminary BBN framework (Appendix E). A simplified version of the 
improved BBN model is shown in Figure 6. 2. The model includes 19 nodes and 29 links. The model’s 
nodes and their states are described in Appendix D & E. 
 
 
 
 
 
 
 
 
 
Figure 6.2 Simplified version of the improved BBN model for the effective management of the Phu 
My Lepironia grassland 
Third, the influence diagrams were converted into a BBN by quantifying the directional links of influence 
and their inter-relationships, and by indicating the states of each variable and populating CPTs. In this 
study, the BBN was developed using Netica software (Norsys Software and Corp., 2008). BBNs are 
probabilistic graphical models depicting dependencies between variables expressed by conditional 
probabilities. These conditional probabilities were  computed and updated using Bayes Theorem (Pourret 
et al., 2008). The initial probabilities to develop the BBNs are determined through expert elicitation as 
well as qualitative and quantitative data (Marcot et al., 2006b). In this study, the conditional probabilities 
for the BBN were initially determined using the information obtained from the survey, the opinions of 
researchers and inputs from wetland experts. In this procedure, the socio-economic information was 
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required to fill in the present state of the variables like public awareness, rice cultivation technique and 
production; Lepironia grass harvest, harvesting technique, craft’s production, value and income. Yet this 
information could not be obtained properly from the secondary sources (e.g. census data). Stakeholders’ 
elicitation was considered as the best way to obtain this information for the time being. Variables like 
wetland access, Lepironia grass harvest and harvesting technique, rice yield, household income, food 
security, requires survey data.  
CPTs of the nodes assist in updating the model (based on Bayes’ theorem) (Cain, 2001; Castelletti and 
Soncini-Sessa, 2007a; Newton et al., 2006) and demonstrate the sensitivity of the reaction variable to 
management actions. Populating conditional probability tables is applied to quantify the strength of 
causality of the network. In Bayesian networks, CPTs can be generated using different information 
sources, including measured data, model simulation, expert judgments, and investigation or stakeholders’ 
surveys (Ames et al., 2005; Newton et al., 2006).  
The Phu My Lepironia grassland conservation CPTs were specified using a combination of expert 
judgments or data analysis, simulation model results and literature reviews. Quantitative data were 
generated using model simulation and data analysis, but qualitative inputs were generated by expert 
opinions and a literature review (van Dam et al., 2011; van Dam et al., 2013). The CPTs of the model 
outputs were specified using the joint probabilities. The states of variables were assigned as Boolean 
(e.g. true or false), categorical (e.g. high, average, low), discrete (e.g. integers), or continuous. The CPTs 
were populated using the survey data and other records collected in the supplementary information 
[Information Type 1 - see Cain (2001)]. In other cases where survey data were not available to populate 
the CPTs of some nodes, the judgement of experts and opinions of stakeholders who participated in the 
preliminary BBN development, were used to generate and review CPTs [Information Type 4 - see Cain 
(2001)]. Economic analyses, experts’ judgments and stakeholders’ surveys were the sources of practical 
information for the determination of the prior conditional distribution of the variables (Le, 2007; Ni, 
2013; Triet et al., 2015). Discussions between participants during workshops, and comments by 
individuals during the CPT populating process, were recorded manually by members of the research team 
assigned to this role. This provided a form of narrative capture to give additional context to the modeling 
process. This included recording comments made about their BBN structure (e.g. rationale for selecting 
the variables), the probabilities assigned to the CPTs, and the level of consensus within the group and 
about the model development process in general. This information was used to clarify the participants’ 
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understanding of variables and the relationships between stakeholders, prior to and during the follow-up 
individual interviews used to populate the CPTs. 
CPTs were populated through a combination of one-on-one meetings during and after the workshops 
and, if face-to-face meetings could not be organized, through email correspondence. The approach used 
was largely determined by the availability of the stakeholders. In addition, instead of asking to fill in the 
CPTs directly, the stakeholders’ perception about some variables and the relative weight of parent nodes 
to a child node was collected. Follow-up meetings were preferred because it enabled minor refinements 
of the BBN structure (e.g. adjustment of the number of states assigned to a variable). External validation 
and verification in the form of independent peer-review focus groups are recommended, where possible. 
This encourages the feedback and evaluation of the model, independent of the development team. 
Although independent expert feedback is important, and often valued by the development team, it is 
ultimately the development team that makes the final decision on what changes are included or rejected. 
The review resulted in only minor changes in the BBN structure and CPT values. This was expected 
because the model was developed based on empirical data and opinions of experts. An outline of the 
steps used in the model development process is presented in Figure 6.3. 
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Figure 6.3 Steps in the development of BBN for effective management of the Phu My Lepironia 
grassland  
 Model validation and verification  
The model was used to carry out simulation tests and scenario analyses to understand the complexity of 
ecosystem wetland conservation under socio-economic pressures from the local communities. The 
probability values of states describe the node performance as either high or low. Through simulation 
experiments and scenario analysis, as explained in Cain (2001), the model was used to determine the 
effect of making improvements in areas of low performance on the overall operational effectiveness of 
the Lepironia grass conservation project. In this way, the scenario and sensitivity analyses provided a 
means to identify potentially effective policy interventions. 
A sensitivity analysis was undertaken on each BBN using Netica. This helps identify which inputs most 
affect the output, and is an important process in model testing, providing an understanding of the 
influential pathways of a single variable (node) or array of nodes on another variable through the 
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developed BBNs (Howes et al., 2010; Marcot et al., 2006a; Marcot et al., 2001). For categorical 
variables, sensitivity analysis is a calculation of entropy reduction, while for continuous variables, 
variance reduction is used. In the context of this study, the results of sensitivity analysis are expressions 
of entropy reduction. 
Entropy reduction is interpreted as the amount of entropy or uncertainty at an output node or variable, 
which is expected to be eliminated if the true value of another variable is known. In symbolic form, 
entropy is expressed as I = ΣqΣfP(q,f) log[P(q,f)/P(f)],where q is the state of the query variable Q, f is 
the state of the findings variable F, and the summation is over all states q and f of the variables Q and F. 
The higher the entropy reduction value, the greater is the influence of a particular factor on the factor 
under investigation. 
 Results and discussion  
The conflicts between wetland utilization and ecosystem conservation have reached a critical point in the 
study area. The relationship between wetland utilization and its effects on wetland ecosystems has often 
been portrayed as a direct trade-off between the human needs for food versus nature. A simulation test 
using the model suggests that the sustainability of the operation for wetland health is strongly influenced 
by wetland conversion rate and food-based incomes (Figure 6.4). The probabilities of a high demand on 
wetland conversion and low food-based incomes are 42.9% and 67.3%, respectively.  Other socio-
economic factors, such as harvest production (Lepironia yield) and incomes from Lepironia grass and 
making crafts (Grass cash-based income), directly influence the sustainable grass harvest [p(low)= 
54.9%]. Although the presence of the conservation project has enhanced the awareness wetland value of 
the local community [p(high)= 67.4%] and reduced the illegal access restricted area [p(no)= 62.6%], 
the socio-economic conditions are likely to have an impact on these factors.  
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Figure 6.4 The baseline scenario of the BBN model for effective management of the Phu My 
Lepironia grassland 
Simulation modelling suggests that the probability of a high operational effectiveness of the grassland 
conservation project is greatest when the operational effectiveness of sub-components is predicted under 
the assumption of the best-case scenario. The base case scenario includes the actions that do not show 
changes in the current situation. Simulation can be used to monitor the execution of a plan or management 
actions once they are deployed.  
 Analysis of the operational effectiveness of Phu My Lepironia grassland 
conservation  
The Lepironia grassland conservation operational effectiveness model is presented in Figure 6.4. The 
baseline scenario of the model suggests that the presence of the Phu My Lepironia grassland conservation 
project has greatly influenced the awareness of wetland values of the local inhabitants [p(high)= 67.4%] 
whose livelihoods depend largely on rice farming and harvesting Lepironia grass for making crafts. 
Withdrawing project support greatly reduces the likelihood of the awareness of the value of the wetland 
of the local inhabitants [p(low)= 83.3%] and increases the unsustainable grass exploitation [p(cutting)= 
33.3%]. The probability of illegal access to the wetland is very high (71.2%). Similarly, the rate of 
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wetland conversion to rice farm is also high [p(conversion to rice)= 56.7%]. The sensitivity analysis 
(Table 6.1) indicates that the sustainability of the conservation project has a close correlation with the 
changes in the local community’s perception of the wetland and sustainable use of wetland resources 
(entropy reduction of 0.039, 0.018 and 0.003 for awareness wetland value, illegal access restricted area 
and wetland conversion rate nodes, respectively). Based on this, increasing the local community 
awareness of wetland values is important in a community-based approach to wetland management and 
conservation. A scenario analysis (Figure 6.5) indicates that if the awareness on the wetland values of 
the local inhabitants is maximal [p(high)= 100%], the probability of illegal access is significantly reduced 
(from 37.4% to 16.2%). The conversion of wetland to rice farms showed the same trend, decreasing from 
42.9% to 34.6%. The sustainable grass harvest and wetland health are therefore improved, increasing 
from 45.1% to 48.0% and from 48.2% to 52.1%, respectively. 
 
Figure 6.5 The baseline scenario of the BBN model, highlighting the direct impacts of the Lepironia 
grassland conservation project on the local livelihoods and wetland health  
Table 6.1 Sensitivity analysis of grassland conservation to findings of influencing variables  
Node Entropy reduction Variance of beliefs 
Awareness wetland value 0.03902 0.0025600 
Illegal access restricted area 0. 0 1671 0. 0010697 
Wetland conversion rate 0. 00271 0. 000 1696 
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The presence of the project has successfully promoted the adoption of a sustainable grass harvesting 
technique (by the selective pulling of grass culms), delivered skills training for craft innovation, and 
created a market demand for fine crafts. In contrast, if the conservation project was withdrawn, there 
would be only a marginal effect on market demand for craft products, but the craft innovation component 
would be significantly reduced, from 59.2% to 33.3%. Importantly, in the absence of the conservation 
project, the destructive harvest technique (cutting of grass) would likely to have negative effects on the 
wetland resources, with sustainable grass harvest being reduced from 45.1% to 39.1%, and the health of 
the wetlands declining from 48.2% to 41.6%. 
The findings from the Phu My Lepironia grassland conservation survey revealed that the income of rice 
farmers is higher than that of farmers who are dependent on harvesting grass and mat weaving. Increasing 
the wetland health and improving the sustainability of grass harvest for poor farmers, as the dual 
objectives of grassland conservation, would likely improve incomes from both rice production and 
traditional handicraft production.  From the baseline scenario of grassland conservation, the sensitivity 
analysis results indicate that the wetland conversion rate and food-based incomes have great impact on 
sustainable grass harvest of grass, whereas food-based incomes and illegal access restricted area are the 
factors influencing wetland conversion rate (Table 6.2). These results revealed that the wetland 
conversion rate, food-based incomes and illegal access restricted area, are the likely levers for the 
variable sustainable grass harvest, which is directly linked to wetland health. The way to ensure effective 
conservation of the grassland wetland is therefore to balance the income from harvesting of grass, while 
maintaining food production by the local communities. Taking this issue into account, the grassland 
conservation project aims to improve farmers’ income from growing and harvesting Lepironia grass and 
development of traditional handicraft, in order to reduce the demand of conversion of wetland to rice 
farms. Deciding on how to organize both economic sector activities (rice farming and harvesting grass) 
of local farmers requires a thorough understanding of the performance of each group of farmers in 
different economic sectors, and their interactions, as well as how these activities impact on the wetland 
condition. 
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Table 6.2 Sensitivity analysis of sustainable grass harvest to findings related to influencing 
variables 
Node Entropy reduction Variance of beliefs 
Wetland conversion rate 0.09667 0.0320815 
Food based incomes 0.02393 0.0080659 
Lepironia yield 0.01404 0.0047625 
 Effectiveness of the project on the awareness of local communities and 
agricultural production 
Key factors in the awareness of local communities and agricultural production activities that affect the 
sustainable grass harvest include, rice production, food-based incomes, wetland conversion rate and 
illegal access restricted area. In the baseline scenario, the effectiveness of the conservation grassland 
project, presented in Figure 6.4, predicts that the probability of rice production and the revenue from rice 
are relatively low [p(low)= 72.8% and 67.3%, respectively]. However, based on the survey data used to 
construct the BBN, rice production contributes the highest proportion of household income [p(rice 
production income)= 61.6%]. A sensitivity analysis of factors affecting food-based incomes of the local 
community members reveals that rice production has the least influence, while illegal access restricted 
area and wetland conversion rate have greatest influence (Table 6.3). It is also worth noting that, in the 
past, the government tried to settle people in the study area by facilitating rice farming on the wetland. 
However, the local people had little knowledge about rice cultivation, while the acid sulfate soils would 
have been a constraint for agricultural farming. Therefore, the demand to convert grassland to rice farms 
was to secure the food supply, regardless of the low productivity of the poor soils, while Lepironia grass 
can be harvested from uncultivated land to provide an extra income source for the local people. 
During the early stage of implementing the Lepironia grass conservation project, rice production had 
been identified as the key factor affecting wetland conversion and the degradation of wetland grassland. 
The rates of conversion of wetland to rice fields, and illegal access to the designated conservation areas 
for growing rice, are slowing. The network suggests that the enhancement of the awareness wetland 
value of the local community without any regard to sustaining rice production, results in continued access 
to the restricted area for rice cultivation. The sensitivity analysis (Table 6.4) also indicates that food-
based income has a greater influence (entropy value of 0.18115) on the wetland conversion rate than 
does illegal access the restricted area (entropy value of 0.10686). This implies that the shortage of food 
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is the driver of both wetland conversion to rice farming, and illegal access to harvest Lepironia grass for 
improving people’s livelihoods. 
 
Figure 6.6 The baseline scenario of the BBN model for effective management of the Phu My 
Lepironia grassland, showing the minimal impacts of rice production and illegal access restricted 
areas on wetland conversion 
Table 6.3 Sensitivity analysis of food-based incomes to findings of influencing variables   
Node Entropy reduction Variance of beliefs 
Wetland conversion rate 0.18115 0.0535644 
Illegal access restricted area 0.00884 0.0027264 
Rice production                0.00637 0.0019824 
Table 4 Sensitivity analysis of the wetland conversion rate to food-based income and illegal access 
to restricted area variables  
Node Entropy reduction Variance of beliefs 
Food-based income 0.18115 0.0595969 
Illegal access restricted area 0.10686 0.0358034 
The scenario analysis presented in Figure 6.4 indicates that if the project could help improve rice 
production of the local farmers, there would be a chance to earn higher food-based income 
(approximately 8%) with a minimal increase of wetland conversion to rice of 2%, when compared with 
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the baseline scenario. However, the combination of management interventions of stopping any illegal 
access to the protected area, coupled with the improving rice production (Figure 6.6), suggests that there 
is a chance to increase incomes from rice production from 32.7% to 35.1% and decrease the conversion 
of wetland to rice farms from 42.9% to 32.5%. This finding, in combination with field survey, reveals 
that there is a need to improve the local communities’ income by sustaining rice production on the 
designated area. This would help reduce the illegal access to the conservation restricted area and therefore 
the health of the wetland and the sustainability of the Lepironia grass harvest would likely to improve. 
 The effectiveness of the sub-component of Lepironia harvest and making 
handicrafts 
The key factors arising from local communities’ activities of harvesting grass and making handicrafts 
that affect wetland health in the conservation area include a sustainable grass harvest, Lepironia yield 
and grass cash-based income. In the baseline scenario (Figure 6.4), the operational effectiveness (BBN) 
for the project predicts that the probability of a variable wetland health is only 48.2% [p(high) = 48.2%]. 
This is attributed to the low sustainability of the grass harvest (54.9%) and the low household income 
derived from the Lepironia harvest and making crafts [p(Lepironia harvest and crafts) = 38.4%]. The 
low sustainability of grass harvest is partly due to the overexploitation of Lepironia grass and because 
much of the natural wetland grassland has been converted to rice farms. A sensitivity analysis of market 
factors affecting the sustainability of grass harvest from the activities related to Lepironia grass 
exploitation shows that grass cash-based income and income from craft have a greater influence, while 
the craft price has the least influence (Table 6.5). Although market demand is usually a controlling factor 
for the grass cash-based income, the sensitivity analysis results imply that the local communities have a 
great chance to increase their incomes if they produce a more diverse range of innovative craft products. 
Table 6.5 Sensitivity analysis for influencing factors on the sustainable grass harvest variable 
Node Entropy reduction                  Variance of beliefs   
Grass cash based income 0.01368 0.0046555 
Income from crafts      0.00088 0.0003014 
Market demand 0.00045  0.0001559 
Craft price  0.00043 0.0001475 
Craft innovation 0.00006 0.0000211 
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Sensitivity analysis reveals that craft price and market demand have the largest impact on the income 
from crafts. The findings from the survey also indicate that the local people are still making traditional 
crafts and selling them in the local market or to collectors. Practically, the success of the fine craft 
innovation depends on the ability of the project factory to meet market demand. 
The scenario analysis presented in Figure 6.7 shows that if the project can improve craft innovation 
(including the design and diversity of products), the probability of high craft price increases from 56.6% 
to 66.2%, and that market demand increases from 64.0% to 70.1%. The increase in market demand and 
craft price directly improves the household income from craft making, with a marginal increase from 
52.3 to 54.6%. Importantly, the improvement of craft innovation results in a reduction of demand for 
conversion of wetland to rice farms, which in turn increases the sustainable grass harvest. This finding 
suggests the need for further research into the market demand for craft products. 
 
Figure 6.7 The baseline scenario of the BBN model for effective management of the Phu My 
Lepironia grassland highlighting the influence of craft innovation on the income of the local 
community 
The grass cash-based income is directly influenced by income from crafts, market demand, income from 
Lepironia and wetland conversion rate. Among these, income from crafts has the greatest influence on 
the grass cash-based income (Table 6.6). The survey showed that the farmers whose subsistence 
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activities includes harvesting grass and weaving mats have better incomes than those who have only one 
income source from these activities. This finding suggests that there is a high likelihood that the 
sustainable income from exploitation grass and making crafts would require the grass land to be retained, 
with a reduced conversion of wetland to rice fields. Also, from the survey, before the project was 
established, the traditional crafts were simple with only mats or container-baskets (for containing rice or 
food).  The prices of these products were low and not competitive. Other than continuing the production 
of traditional crafts and supplying them at low prices to local market, one of project objectives has been 
to improve farmers’ incomes by producing diversified fine handicrafts and distributing them to other 
higher value domestic and export markets. This would contribute to higher potential incomes for farmers 
than from simply making mat and crafts. 
Table 6.6 Sensitivity analysis of grass cash-based income to findings of influencing variables 
Node Entropy reduction                  Variance of beliefs   
Income from craft 0.04153 0.0134140 
Market demand             0.01643 0.0053998 
Craft price             0.00969 0.0031637 
Craft innovation             0.00075      0.0002432 
Income from Lepironia     0.00071 0.0002309 
The production of Lepironia grass as a raw material for making crafts is another factor that influences 
the sustainability of grass harvest in the conservation site. Despite the relatively high Lepironia yield 
(66.7%) resulting from recent project regulations and recommendations about sustainable harvesting of 
grass, a low income from Lepironia (57.8%) is predicted for the baseline scenario.  Sensitivity analysis 
reveals that illegal access to restricted areas and Lepironia yield are main factors influencing the local 
community’s income from harvesting Lepironia grass, with an entropy reduction of 0.01678 and 
0.01405, respectively (Table 6.7).  
Table 6.7 Sensitivity analysis for influencing factors on income from the Lepironia variable 
Node Entropy reduction                  Variance of beliefs   
Illegal access restricted area 0.01678 0.0056919 
Lepironia yield 0.01405 0.0046776 
Awareness wetland value   0.00653 0.0022209 
The result from survey revealed the locals either took risk to access the protected area illegally or 
disregarded the grassland value to maximize their harvest of Lepironia grass to secure their incomes. 
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However, they have to sell the surplus harvested grass to others, because these grasses (whether fresh or 
dry) are not able to be stored for a long time after harvest. The grass, therefore, achieves a relatively low 
market price. In the combined scenario, when local communities derive a satisfactory income from 
harvesting Lepironia grass with no illegal access to the protected area (Figure 6.8), the probability of a 
sustainable grass harvest and wetland health increases from approximately 7% to 8.7%, respectively. 
This scenario also indicates that the satisfactory income from harvesting grass reduces the likelihood of 
conversion of wetland to rice farm (18.5%). There is also slight reduction of household incomes derived 
from rice production, from 61.6% to 59.4%. This finding suggests that a sustainable income from 
Lepironia grass harvesting is likely to enhance the effectiveness of conservation of the wetland. The area 
of grassland increases in response to a reduction in the conversion of wetland to rice farms, combined 
with the restoration of Lepironia grassland from degraded and abandoned rice farms. Detailed 
discussions during workshops with stakeholders revealed that the local inhabitants have more experience 
with grass cultivation and restoration than with rice farming. 
 
Figure 6.8 The baseline scenario of the BBN model for effective management of the Phu My 
Lepironia grassland, highlighting the combined influences of wetland access and livelihood 
activities on wetland health 
However, in the current situation, the market price of Lepironia grass remains low [p(low)=57.8%], while 
the harvest production fluctuates and is highly dependent on the market demand and price of mats. During 
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the survey, it was commonly observed that, unlike rice farming, harvesting grass and traditional weaving 
of mats are laborious activities that only contribute marginally to household income. The farmers only 
harvest enough raw materials for their use in their free time after rice farming. The peak harvesting season 
coincides with the start of flood season (from September to January). In contrast, exploitation levels 
decrease due to poor quality grass with the onset of dry season (February to May). Hence, in order to 
improve the income from harvesting grass and overcoming the shortage of materials, the farmers need 
to increase the amount of grass they harvest. On the other hand, the ban to accessing the designated core 
conservation area after the establishment of project limits the yield of harvested grass (Table 6.7). In the 
scenario when the Lepironia yield increases (Figure 6.9) the probability of higher income from harvesting 
grass increases from 42.2% to 47.1%. The higher yield of the Lepironia harvest increases the 
sustainability of the grass harvest, which is associated with a small reduction in the conversion rate of 
wetland to rice farm, from 42.9% to 41.4%. This, in turn, increases the area retained as grassland for 
harvesting, and improves the wetland health slightly (from 48.2% to 49.7%). This finding suggests that 
increasing the area of grassland, either by reducing conversion of wetland to rice farms or restoration of 
Lepironia grassland from degraded and abandoned rice farms, is important for the effectiveness of 
conservation of the wetland. 
Overall, the presence of the project greatly influences the awareness of the local people of the value of 
wetland grassland and the impact of illegal access to the core protected areas. The model predicts that 
the withdrawal of project support would result in reduced rice and Lepironia production, which would 
directly affect household incomes and result in a high probability of illegal access to the wetland 
grassland (71.2%). The high incidence of accessing the wetland of neighboring communities increases 
the likelihood of higher Lepironia harvest yield, which, in turn, reduce the sustainability of grass 
resources (60.9%). A decline in rice production [p(low)= 83.3%] and food-based income [p(low)= 
68.3%] leads to higher chance of wetland conversion to rice farms [p(conversion to rice)= 56.7%]. The 
loss of wetland results in poor wetland health [p(low)= 58.4%]. This implies that there is higher chance 
of unsustainable grass harvest and lower food-based income in the study area if Lepironia grass is 
overexploited, causing high rates conversion of wetland to rice farms. Also, the development of the 
handicraft market probably brings more revenue to the local communities. This is as an important 
external factor that contributes to the awareness of the local communities of the value of the conservation 
and restoration of degraded Leprironia grassland. 
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Figure 6.9 The baseline scenario of the BBN model for effective management of the Phu My 
Lepironia grassland, showing the influence of maximizing Lepironia harvest on people’s livelihoods 
and wetland health 
 Policy implications 
The simulation of the operational effectiveness of the Phu My Lepironia grassland conservation model 
reveals that the conservation project is not very effective in sustaining and improving wetland grassland 
conservation. A number of key issues have contributed to this low operational effectiveness. These issues 
include the imbalance of the economic sectors that depend on wetland resources: rice growing, Lepironia 
exploitation and making mats. The lack of awareness of the value of the wetland, poor access to markets 
for crafts and Lepironia grass, are also threats to the conversion of wetland into rice farms. 
 The need for improvement of rice production 
Phu My village, where the conservation project established, is a very remote rural area where the main 
communities are ethnic Khmer, who traditionally depend on wetland grassland for their livelihoods. The 
empirical studies found that there are two main factors that hinder rice cultivation. First, in the dry season 
most of the study area remains dry, except for several small regions adjacent to large canals. Second, the 
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acid-sulfate soils mean that the area can only be converted into marginal agricultural land capable of 
producing only low yielding  crops (Buckton et al., 1999), including a  low rice yield (3.14 ton/ha) in the 
dry season (Ni, 2013). However, one of the local community leaders commented that “Rice production 
is seen as the only way that the local people can supply their own food needs for short periods of 5-6 
months. The geographic isolation increases dependency on the wetland natural resources”. The price of 
rice is also considered as an external factor that contributes to land conversion to rice farms. The local 
government official explained that “The increasing demand of land conversion to rice farms is due to the 
recent increase in rice price. However, only few farmers in this area have succeeded, but that is not 
typical and common. The local people are used to hearing the story about a neighbor’s successful rice 
crop, and they want to grow rice, regardless the risks of loss”. This is in line with the findings from a 
previous survey (Triet et al., 2015), that the small-scale farmers lost their investment in rice farms 
because of a poor yield of 2-3 tons of rice/ ha; only large-scale landholding farmers have succeeded with  
rice cultivation, however, this success is irregular and highly dependent on the flood season or water 
supply  (Ni, 2013). The small-scale farmers have generally been unsuccessful with rice growing and 
become more dependent on grass exploitation. They have tended to stop growing rice and have restored 
and replanted Lepironia grass. This finding implies that any improvement of rice production and 
therefore food income, in the area designated for rice cultivation, would likely reduce illegal access to 
the core protection zone for conversion of wetland to rice farms, and retain more grassland for Lepironia 
harvest.  
Recognizing the model prediction of a reduction in the illegal access of wetland and conversion rate of 
wetland to rice farms if the food supply is sustained, the need to improve rice yield is therefore essential 
and can be achieved by introducing new higher yielding rice varieties that are tolerant to acid soils. 
Although it appears that there is a need for more investment in infrastructure for rice cultivation (e.g. 
waterways for draining and irrigation), the BBN model simulation indicates that once food supply is 
secure, the impact of the local communities on the wetland health and its natural resources is likely to be 
reduced. In addition, the increase in soil disturbance to create infrastructure threatens the Lepironia 
grassland ecosystems and the associated biodiversity. Earlier development of irrigation canal systems 
had begun to alter the area’s natural water regime, leading to the changes in soil characteristics, such as 
increased acidity, which affects the grassland, surface vegetation cover and groundwater. Recently 
constructed irrigation canal systems also threaten to lower groundwater levels, so there was also a need 
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to construct water-control structures in the project area to minimize the impact on the natural water 
regime and soil characteristics. 
 Improving Lepironia grass production and sustainable harvest  
The Lepironia grasslands have been part of the natural landscape of the project area for hundreds of 
years, and are deeply appreciated by the local people. Maintaining the wetlands in their natural state and 
continuing Lepironia handicraft production are therefore socially acceptable and sustainable goals.  
Along with rice cultivation, the harvesting of Lepironia grass for weaving mats is another important 
source of income for the local Khmer community and the people from other villages. Grass harvesting is 
laborious and highly seasonal, taking place over a few months, starting from the onset of the flood season 
(from June to December). Before the project was established, people were able to freely access the 
grassland to harvest grass. There are two methods of harvesting grass. Although the local people have 
used the traditional method of selective pulling grass culms of 1-1.3 m in height, others have applied a 
simple and less labor-intensive harvesting technique by indiscriminately cutting the whole grass cluster. 
However, only culms of more than 1.0 m are marketable and useable for mat weaving. The traditional 
method is more laborious but does not deplete the grassland as quickly as the cutting method. The extent 
of overexploitation of Lepironia grass gradually increases when there is increased demand from both the 
local market and trading across the Cambodian border. An interesting finding from the survey was that 
the demand for grass was highly dependent on rice yield. That is, in the main rice cropping season 
(winter-spring), more grass is harvested to meet the increased demand for mats for rice drying. In 
contrast, if the farmers’ rice crop is poor (especially in the summer-autumn season), the income from 
harvesting grass becomes an important income source to make up for the shortfall of food-based income. 
Before weaving the mats, the harvested grass needs to be dried and flattened, either by crushing with a 
big wooden pestle or by pressing machine. At household level, farmers are not able to maintain the 
quality of stored dry grass for a long time. Therefore, the farmers normally harvest just enough grass to 
weave their own mats. According to Le (2007), 42% of respondents (from 111 interviews) harvested 
grass at 10-day intervals, 1% of respondents harvested grass almost every day, and the rest harvested 
only when they had free time or between the rice cropping seasons. This means that the raw material 
used for making mats is mainly household self-supplied.  In addition, the higher the cost of raw materials, 
the less competitive and marginal the mat price is. For this reason, the drying of Lepironia grass results 
in a less marketable price, or is not a main source of income for local communities.  
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The analysis using the BBN indicates that a higher price for Lepironia grass likely leads to the higher 
chance of retaining the grassland, rather than converting the land to rice farms. However, the higher grass 
price also tempts/prompts the people to illegally access the restricted protected area for harvesting grass. 
Based on the model analysis, the high incidence of illegal access to the protected area also results from 
the reduced awareness of local people of the wetland values. A new regulation was issued by the Phu 
My commune to ban the “cutting” method for harvesting grass, and to limit access only for villagers of 
the project area during the roosting period of the Sarus Crane. Therefore, only famers who have private 
Lepironia grassland still maintain their raw material sources for regular mat making.  Illegal exploitation 
has been  reduced, but not totally eliminated (Triet, 2010). A resolution of this problem requires 
considerable time and patience, as well as good people skills from the project management. The 
restriction of local people’s access to natural resources that have supported their livelihoods for 
generations can be good from a conservation point of view only for a short period. Gustavo and Jonathan 
(2012) reported that the higher level of community participation, the higher their compliance to the 
conservation of resources; community inclusion is a must for long-term conservation. In this model of 
project operation, local people are deprived of access to and utilization of natural resources but project 
management provided them with social services like improved education program, improving existing 
agricultural activities, introducing new grass harvesting technique and mat weaving skills to compensate 
for their loss of access. Interactions are between people and project management while the landscape is 
protected from consumptive activities. However, PMP using this strategy support education of local 
people about conservation aspects through outreach program. 
The Khmer people, who have traditionally harvested Lepironia, originally only made simple household 
products such as mats (for mattresses and rice drying) and container-bags. A mat which takes two days 
to weave, for example, will be sold at a local market or to collectors at the farm gate for 10,000VND 
(approximately US$0.70). Low incomes have pushed the local communities to harvest larger quantities 
of Lepironia grass, beyond the limits of sustainability. Given the low profit margins for traditional 
products, the project strategy has been to employ the local workers and organize training in making fine 
handicrafts. These new environmentally friendly and biodegradable products are being sold at higher 
prices in both domestic end and export markets, thus increasing the revenue and returns to the local 
communities.  
According to the project manager “By 2007, skill trainings in making handicrafts has been given to 200 
of the 350 families living in the project area, and they were employed in the production of handbags, 
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mats and clothing made from Lepironia. Handicrafts produced by the project are sold in cities in 
Vietnam, and also exported to twelve different countries. Typically, men harvest the grasses and women 
manufacture the products”. Although the production volume of fine crafts has been relatively small, the 
higher selling price compared with traditional products, has enabled the project to operate a small self-
financing workshop/factory with 10 permanent workers. The small business has also created seasonal 
jobs for 50 local workers for weaving mats and making fine crafts. The local people who were trained in 
these new skills could earn 50,000 VND (US$3.10) per day from making handbags and 30,000 VND 
(US$1.86) per day from making mats. However, production is irregular and highly dependent on market 
demand. Therefore, the farmers still sell any remaining homemade mats to the regular collectors at an 
uncompetitive price. One of grassland conservation project steering committee members argued that 
“Currently, most of raw materials for making handicrafts are sourced from natural grassland of 
Lepironia grass. The overexploitation of the grassland is due to the poor economic Lepironia grass 
harvest and making mats. The conversion of Lepironia grasslands to rice agriculture would also affect 
Khmer communities who depend upon Lepironia harvest and making mats for their living. Therefore, the 
restoration of grassland from abandoned and degraded land should be well planned”. In discussions 
with local communities, it was commonly stated that “If the income from Lepironia grasslands and 
handicrafts are just equal or higher than rice, we will retain the Lepironia grasslands rather than convert 
them to rice farms. Lepironia grass restoration and cultivation do not require much investment and land 
preparation, and we can harvest year-round”. Hoang et al. (2017) observed that the percentage of 
community livelihood’s activities of rice farming reduced from 41.5% (2006) to 25.2% (2014), in 
contrast, harvesting Lepironia and mat weaving activity increased from 10.6 to 31.1% in the same period. 
Similar trend was observed on the income of local households that income from rice reduced from 19.8% 
(2006) to 16.6% (2014) and harvesting Lepironia and mat weaving produced more income in 2014 
(12.7%) than in 2006 (only 10.5%). The transformation of local income was largely contributed by 
establishment of fine craft workshop. 
It is imperative to include marketing assistance in planning the small business of making handicrafts. 
The results of the scenario tests suggest that the increase of household income from making crafts leads 
to an increase in production demand for the main raw material - Lepironia grass. Therefore, the 
conversion of grassland to other uses should be reduced, or more grassland needs to be retained for 
harvesting Lepironia grass. This, in turn, enhances the sustainability of the grass harvest and wetland 
health. 
Nguyen Huu Hoang-2017         140 
 
 The need for a coordinated project sector operation and enhancement of 
awareness 
Linking conservation to the sustainable livelihoods of local communities is imperative to increase the 
operational effectiveness of the grassland conservation project. However, the conservation project 
operational effectiveness BBN indicates a dynamic and complex social, political, cultural, environmental 
and economic system, where a multitude of factors and agents contribute to the role of the conservation 
project and the awareness and perceptions of the local community. The analysis also revealed that the 
socio-economic benefits have a close relationship with the awareness of wetland value and the 
sustainability of wetland conservation. Rice cultivation and harvesting Lepironia grass for making crafts 
are the most important livelihood activities that require land, and become a critical part of the 
socioeconomic fabric of society. The scenario tests also indicate that the socio-economic condition of 
the local community and land use customs have a significant influence over the awareness of the 
grassland ecosystem health and the effective conservation. 
Effective grassland conservation therefore needs to represent a balance between the “conservation” and 
“economic development” goals, with the sharing of benefits with local communities being essential for 
any community-based management plan. Given the potential complementarities among the three groups 
of factors (rice cultivation, Lepironia harvest and craft making and wetland conservation activities), the 
coordination of “conservation” and “economic development” can potentially improve the overall 
effectiveness of the conservation project. Analysis using BBN implies that different livelihood activities 
and natural resource use have a strong influence on the awareness of wetland values. In other words, the 
awareness level may also be impacted by the stability in people’s lives. For example, as the project 
manager explained: “Despite the risks growing rice on heavily acid sulfate soil, the majority of local 
people still believe life would be better overall if they could grow rice instead of retaining Lepironia 
grass”. This is partly due to the perception of the local community that Lepironia grass harvesting and 
mat making can provide a small daily source of income, but the earnings from growing rice contribute 
to household savings. Project coordination requires appropriate planning of the economic development 
objectives and conservation activities in such a way that there will be no conflict among the goals. 
According to one of conservation project Steering Committee members: “The conservation of cranes 
was not a starting goal of the project but an indication of the “value” of the wetlands. The larger the 
number of Sarus Cranes which come to feed at the wetland, the healthier the ecosystem is”. 
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Understanding the interactions between economic development and conservation is important in 
sustaining the grassland ecosystems. Recognizing the importance of growing rice as a major food source 
for the local community, the project management strategy has allowed any agricultural land in the 
conservation area that existed in 2004 to remain. The illegal digging of canals for growing rice inside the 
conservation area has mainly happened in areas near the borders of the conservation wetland and 
agricultural land. This may be partly reflecting an increase in the price of rice, and the fact that the 
majority of local people still believed life better overall if they can grow rice instead of Lepironia grass. 
There is a need in the wetland conservation plan to increase the awareness of rice farmers of the potential 
impact of fertilizers and chemicals used for rice cultivation, on the sustainability of conservation of the 
grassland. The current rice farms and settlements are at high elevation, so, during the flood season, 
chemicals and toxins are likely to drain into the web of canals across the central lowland, a core protected 
zone. These areas contain Eleocharis spp., so they are a Sarus crane feeding and roosting site. 
There is also a need to promote the awareness of the local community of the benefits of retaining 
Lepironia grassland. Unlike rice, Lepironia grass is ecologically adapted to the heavily acidic soils (pH 
<3.0). In addition, the cultivation of Lepironia grass is less likely to disturb the protected grassland 
ecosystems and requires less investment, because there is no need to dig canals for soil reclamation and 
irrigation. Some areas of ecologically unhealthy wetland have been designated as “ecological recovery 
areas”. Restoration and cultivation of Lepironia grass in these designated areas is likely to be important 
for the socio-economic development of the local community, especially for those whose main livelihoods 
are dependent on harvesting the grass and weaving mats. This also creates a connection between 
sustainable management and the lives of the people, through the awareness of wetland values. Sharing 
the same viewpoint of the local government officer, the project manager expressed that: “We hope to 
obtain legal certificate for the project land to promote the incentive for sustainable practices-exloitation 
and conservation. The fallow land then, can be distributed among households and landless farmers in 
the project area with the provision that they practice sustainable cultivation and harvesting Lepironia 
grass. The household will sign a contract/agreement with project to practice maintaining sustainable 
harvesting Lepironia grass - only cutting a certain amount of grass per year. Importantly, the contracted 
households have to oblige the sustainable-use regulations not to give up or lend their allotted land to 
another family”.  
Leprironia wetland is part of the natural landscape of the area for generations. It is deeply appreciated 
by local communities residing in the Project area with an approximate of 95% Khmer and 5% Kinh. 
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Weaving of mats is a Khmer tradition. The economic development goals of the project for the wetland 
dependent communities are met through the running of a handicraft business that uses Lepironia to weave 
mats and create products. Except some locals expressed the uncertainty of project’s fine craft business, 
the majority of people appreciated the economic benefits and revenue that the business brought and hoped 
it would continue to be a part of the community and further development in future. However, to export 
products to international markets, the business must work with a range of middlemen, which reduces 
potential profits from the handicrafts. The business, therefore, barely covers its running costs, so there 
was little in the way of benefits to share with the farmers. In addition, the project is located in a remote 
area bordering Cambodia, where transportation infrastructure is poorly developed. The cost of 
transportation increases the overall cost of handicraft production. The cost of logistics could be reduced 
by obtaining larger contracts, but the current production capacity of the local community is not sufficient 
to handle a high volume manufacturing. The project needs to improve skills and production capacity 
while also working on developing potential markets.  
 Summary and concluding comments  
The modeling exercise undertaken in this research highlights a number of barriers to efficient Phu My 
Lepironia grassland conservation. The shortage of food and poor rice productivity have the greatest 
impact on the sustainability of Lepironia grassland conservation, particularly for small-scale rice farmers. 
There is a need to provide a training program on rice cultivation, highlighting the use of   higher yielding 
varieties suitable for acid-sulfate soils. Improving the rice production system will not only increase the 
productivity and quality of food supply, but also help with the sustainability of rice farm land 
management. Although the cost of investment for rice cultivation on the acid-sulfate soils is high, the 
model suggests that there is a greater chance for smallholders to improve their incomes if they sustain 
rice cultivation and increase production in the designated area. 
The sustainability of the Phu My Lepironia grassland conservation project initiative is highly dependent 
on socio-economic factors, from harvesting grass to craft making. The model simulations predict a higher 
income from harvesting Lepironia grass when the yield increases and meets the needs of the local 
communities. Sustaining the operations of the Phu My Lepironia grassland conservation project requires 
an increase in the grassland area, either by reducing the conversion of wetland to rice farms, or the 
restoration of Lepironia grassland from the degraded and abandoned rice farms. The higher the yield of 
Lepironia increases the sustainability of the grass harvest, which will result in minimizing the conversion 
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rate of wetland to rice farms, while also providing a marginal increase in farm household income from 
harvesting Lepironia grass. 
The study also indicates that the history of land use and community customs have a great influence on 
the perceptions of wetland use, which have likely resulted in conflicts between resource exploitation and 
conservation. Therefore, the connections of conservation and sustainable management with the lives of 
the local inhabitants must be carefully considered. The success of community-based wetland resource 
management depends on achieving an understanding of the relationships between the potential economic 
benefits to the local community and the community awareness of the value of the wetland resources. 
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Chapter 7. Conclusion 
 Summary of thesis 
Despite wetlands providing wide ranging social, economic, and environmental benefits which contribute 
significantly to efforts aimed at poverty reduction and food self-sufficiency in the Mekong Delta (MD), 
mismanagement and inappropriate land utilization, several areas of the wetlands are either endangered 
or are on the verge of disappearance. Unless the necessary management and conservation strategy is put 
in place, the disappearance of more wetlands appears to be unavoidable. The local government has now 
begun to pay increased attention to the comprehensive utilization of wetlands. However, the traditional 
approach of protection by prohibition, using legislation and guarding, is losing ground.  The restriction 
of local people’s access to natural resources that have supported their livelihoods for generations can be 
good from a conservation point of view for only a short period of time. Conservation, sustainable use 
and benefit sharing needs to combine the conservation of the structure and functioning of ecosystems 
with efforts to meet social needs and the sustainable use of ecosystem services for human purposes. 
However, the integrating conservation and ecologically sustainable development of wetlands is still a 
major challenge in developing countries like Vietnam. The holistic approach of integrating conservation 
with human development is increasingly being adopted by conservationists and development 
practitioners working to protect wetland ecosystems.  
This chapter reviews the findings presented in previous chapters of this thesis and provides policy 
implications geared towards the improvement of wetlands management and conservation planning. The 
first section of the chapter provides an overview of the research that was carried out, including the 
research problems addressed and questions upon which the research was focused, together with the 
methodology adopted in carrying out the research. This is followed by a section which examines the 
evidence in relation to each of the formulated research questions. Key considerations in improving the 
effectiveness of the wetland grassland conservation are then outlined, followed by a discussion of the 
policy implications of the research. Some suggestions are made for further research into the wetland 
conservation. 
The answer to the first research question of the thesis presented a review of the drivers of wetland 
degradation in the Mekong Delta of Vietnam in order to better understand the broader socioecological 
context in which conservation activities take place. The review, which is presented in Chapter 3, 
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identified five major stages of MD wetland conversion and degradation and established three significant 
concepts. First, the five major stages with seven variables of wetland conversion and degradation 
included: resettlement and economic development policies; population growth and urbanization; demand 
for food and reclamation of wetlands for agriculture, construction of canals, construction of dikes and 
flood protection systems; expansion of travel systems (waterways and roads); and exploitation of wetland 
natural resources. Second, anthropogenic factors were found as the primary cause of substantial wetland 
loss throughout the course of history, and included activities of wetlands land reclamation for settlement 
and economic development demanded by a large population (Figure 3.2). Third, the analysis of drivers 
of wetland loss by anthropogenic activities did not occur in isolation, but were associated with 
agricultural growth and expansion, land clearance and wetland forest destruction, natural resources 
exploitation, canal construction and infrastructure development, and others related factors, which 
collectively contributed directly to the loss and deterioration of MD wetlands.  
The review reinforced the urgent need for effective wetland conservation initiatives and the revision of 
wetland regulatory measures, to make them more effective. The second research question required an 
analysis of previous and current wetland conservation practices in MD and their effectiveness in the 
context of climate change threats to the MD’s wetlands. The second research question was addressed 
through a review and estimates contained in Chapter 4, that the Mekong Delta could contribute to a large 
volume of avoided greenhouse gas emissions, ranging from 5.53 Mt CO2e for the grassland ecosystem, 
to 37.49 Mt CO2e for mangrove ecosystems. These estimates highlight the importance of incorporating 
the wetland ecosystems conservation into national and global greenhouse gas accounting budgets and 
climate policies. 
Chapter 2 and 4 emphasize the potential role of various wetland types in contributing both to adaption 
and mitigation of climate change, as well as providing other ecological services, needs to be further 
promoted. Information about carbon sequestration, storage and release by the remnant protected wetlands 
in Mekong Delta needs to be made available to governments, wetland managers, developers, community 
groups, so that decisions take account of these functions which has generally been under-estimated or 
omitted from conservation plans. Also, the results of results of Chapter 4 provided an awareness of 
potentially significant releases of carbon to the atmosphere through the destruction of wetlands. Chapter 
2 contributed a comprehensive information for documentation and mapping of the distribution and 
condition of protected wetlands across Mekong Delta. This also enables better evaluation of their 
contribution to climate change mitigation and adaptation and to assist in design of programs for their 
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protection, enhancement and restoration for multiple benefits. Consequently, it is worthwhile to consider 
the role of wetlands in carbon sequestration and storage in Mekong Delta and the case for investment in 
protection and restoration of wetlands for both carbon storage and other benefits that highlighted in 
Chapter 4. 
Chapter 5 describes how Lepironia grass exploitation and rice cultivation are the major livelihood 
subsistence practices that dynamically and endogenously drive the landscape change in the study area.  
Rice is the major source of food for the communities in the study area, despite low yields being achieved 
due to constraints in the production environment. As the majority of the local communities in the study 
area are comprised of poor people, the pressure to survive and improve their welfare with limited 
resources has pushed the communities to use any land resources they can access. Field burning practices 
are wetland clearing practices, and the basis of traditional livelihoods for local communities. These 
unsustainable livelihood activities have caused land degradation and a decline in the availability of the 
Lepirona grass resource, a major raw material for traditional mat making. 
The exogenous drivers such as the roads and canals have facilitated the communities in their expansion 
of their livelihood areas. These infrastructure developments, especially the newly dug canals, influence 
the communities’ livelihood decisions in two ways: first, the canals have provided easy access to the 
wetland area, which in turn brings the community’s livelihood practices closer to the core protected areas, 
including  the roosting site for the endangered Sarus Crane; and second, the canals have provided water 
to new areas for the communities to expand their livelihood subsistence practices (particularly rice 
cultivation). In some regards, the canals have enabled the communities to improve their welfare. 
However, the expansion of livelihood areas and the canal networks are likely to change the water table, 
while increasing acid sulphate soil disturbance, leading to the acid pollution run-off and its distribution 
throughout the whole wetland area via these canals. The canals existence therefore implies a trade-off 
between the improvement of livelihoods and an increase risk to changes of wetland vegetation and 
grassland degradation. Another exogenous driver that has a significant influence on the changes in the 
study area landscape, is the fluctuation in commodity prices, which in-turn results in the transition from 
traditional to extensive cropping systems and an expansion of cultivated land into the protected wetland. 
Lepironia grass exploitation generates a lower income than rice but it is more regular and requires a 
lower investment outlay. However, an increase in the price of rice encourages farmers to intensify rice 
production and expand the area of their rice farms by converting the adjacent grasslands, or increasing 
rice production by repeated burning, short-term cultivation and subsequent abandonment. Developing 
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additional rice fields in the Lepironia grasslands will cause soil acidification, while   the resulting water 
pollution may negatively affect the shrimp farming areas.  
The historical analysis in Chapter 3 and 4 indicated that proximate causes (roads, canals dyke 
constructions and the reclamation of wetland for agriculture) which results immediate land cover change. 
The most significant change in land cover has been the expansion of agricultural lands which continue 
degrading the Mekong Delta wetland. The analysis of the roles of exogenous drivers of wetland 
degradation in Chapter 5 proved the link of proximate causes in past centuries that altered entire 
landscapes, and ultimately affected the biodiversity continue to be drivers of wetland loss in Mekong 
Delta today. 
The modelling undertaken in Chapter 6 indicates that the components of the Phu My conservation site 
are interconnected. As such, it is not possible to address the operational effectiveness of any single 
component in isolation from the other components.  The baseline scenario of the operations of the Phu 
My Lepironia grassland conservation project reveals that the operations of project not yet meet the 
shortage of the food for the local communities. Accordingly, improving the operational effectiveness of 
the conservation project by providing training in the sustainability management of the rice farm land, 
combined with the cultivation of higher yielding rice varieties would potentially have positive effects on 
the improvement of local community incomes. This would also reduce the focus on wetlands conversion 
and the overexploitation of Lepironia grass. The simulation of the Bayesian Belief model on the 
effectiveness of the operations of the Phu My Lepironia grassland conservation presented in Chapter 6 
clearly portrays that improving the local communities’ incomes by harvesting Lepironia grass and 
making handicrafts, requires a large amount of Lepironia grass. Increasing the grassland area, either by 
reducing the conversion of the wetland to rice farms, or restoration of the Lepironia grassland from the 
degraded and/or abandoned rice farms is important for the effectiveness of conservation of the wetlands. 
Chapter 6 highlights the need to address the relationship between the local community economic benefits 
and increasing the awareness of wetland resources value, by adopting a community-based wetland 
resource management approach for the further sustainable management of the wetlands land and the lives 
of the local inhabitants. The findings imply that any improvement of rice production and therefore food 
income, in the area designated for rice cultivation, would likely reduce illegal access to the core 
protection zone for conversion of wetland to rice farms, and retain more grassland for Lepironia harvest. 
The results evidence that once food supply is secure, the impact of the local communities on the wetland 
health and its natural resources is likely to be reduced. Higher price for Lepironia grass likely leads to 
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the higher chance of retaining the grassland, rather than converting the land to rice farms. However, the 
higher grass price also tempts/prompts the people to illegally access the restricted protected area for 
harvesting grass. The Chapter 6 also proposes a number of policy implications for an effective grassland 
conservation in achieving a balance between the “conservation” and “economic development” goals. The 
plans and policies should address and sustain the local communities’ livelihoods such as marketing 
assistance in planning the small business of making handicrafts, improvement of rice production and 
therefore food income, in the area designated for rice cultivation, restoration and cultivation of Lepironia 
grass for sustainable harvest, increase the awareness and skill training (Leprionia cultivation, harvesting 
and fine craft making) for the local people. 
In a nutshell, this thesis uses a systems based approach that combines the application of Systems Thinking 
and Bayesian Belief Networks methodologies to obtain answers for the research questions of this study 
involving the dynamic and complex social, political, cultural, environmental and economic system, 
where a multitude of factors and agents contribute to the role of the conservation project and the 
awareness and perceptions of the local community. Determining baselines and the policy scenarios to 
meet targets on avoiding wetland grassland degradation and sustainable local communities’ livelihoods 
would be largely determined by the nature of feedback relationships among the drivers. Assessing the 
qualitative part of the system approach has been shown in Chapter 6. This process involved the 
exploration of mental models from the actors of the drivers to reveal and construct the basic structure of 
the system behaviour in the study area (Chapter 3, Chapter 4 and Chapter 5). The qualitative results are 
then validated by implementing Bayesian Belief Networks modelling and presented in Chapter 6. System 
Thinking causal network and BN approach seems to be effective and promising for analysing complex 
social-ecological interactions involving the stakeholders in a decision making process. System Thinking 
causal network is easy to understand and share their perceptions as to the effects of drivers of change on 
ecosystem for the stakeholders. In addition, the BN is expected to aid the policy maker to develop better 
wetland management policy. The findings demonstrate that a systems approach and systems-based 
methodology can be very useful, and arguably better than most other methods used to date, to understand 
of the complex social-ecological factors affecting land-cover changes and to develop and evaluate 
effective policy interventions that target improved livelihood outcomes and reduced pressure on wetland 
grassland conservation. 
The adaptive co-management approach to the natural resources should be adopted to establish property 
rights. The devolution of property rights to the community of resource users will make them more 
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responsible and accountable in managing the resources. Community of resource users should be made 
equal partners in the management of resources so that they could provide solution to the problem of 
coordinating the various activities in the park and could also help in resolving conflicts. Other alternative 
income sources, for example tourism should be developed to benefit the local people economically and 
to refrain them from environmentally damaging activities. Moreover, it is important to analyze how a 
change in income of the resource users affects the consumption pattern of the natural resources. In reality, 
it is expected that an increase in income should lead to a decrease in consumption of the natural resources 
and vice versa. 
 Implications of the research  
Complexity is often a concept or condition that seems too hard to deal with, but this research has shown 
that with systems thinking tools, dealing with complexity has become much easier than normally 
anticipated. This thesis uses a systems based approach that combines the application of Systems Thinking 
and Bayesian Belief Networks methodologies to obtain answers for the two last research questions. 
Determining the baselines and the policy interventions to comply with the objectives of wetland 
conservation and reducing the remnant Lepironia grassland degradation would be largely decided by the 
nature of feedback relationships among the drivers. Assessing the qualitative part of the system approach 
was reviewed in Chapter 5. This process involves the exploration of mental models from the actors of 
the drivers to reveal and construct the basic structure of the system behaviour in the study area. The 
qualitative results are presented in Chapter 5, and further developed with quantitative analysis in Chapter 
6. The results are then validated by implementing the Bayesian Belief Networks modelling in Chapter 6. 
The findings demonstrate that a systems approach and systems-based methodology can be very useful, 
and arguably better than most other methods used to date. The results of this research also reveal the root 
causes of challenges, and identify key leverage points where the policies interventions will have the 
biggest impact. Key leverage points can also serve as the intervention points within the social and 
ecological systems of the wetlands for governments and policy makers, to ensure good policies for 
sustainability. 
Overall, the process and approach used in this case study could be used to address complex challenges 
facing the wetlands degradation and conservation issues across the MD and around the world. This 
approach provides greater clarity when dealing with the complex sustainability challenges, and has the 
potential to rapidly replace the traditional linear way of dealing with challenges and forming policies. 
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The approach explicitly identified the challenges that are often ignored and can help decision and policy 
makers to anticipate the long-term consequences of their decisions and actions, as well as help avoid any 
unintended consequences of policies and strategies. Finally, not only does this case study offer a model 
for other wetland conservation areas, it could also be used in relation to poverty alleviation and 
environmental sustainability objectives involving community-based wetland natural resources and 
biodiversity management and conservation.  
More specifically, the results and design of this study further extend the contributions to the academic 
literature in a number of ways. The research involved a case study approach which used the Phu My 
Lepironia grass conservation as a model. This case study area provided a very interesting and data rich 
setting for the study of wetland conservation, given the extent of past ecological degradation in the area 
and the fact that some conservation activities had been tried. This means that the results of the analysis 
presented in this thesis are primarily applicable to the case study area, but may have limited validity in 
other areas faced with different circumstances. The thesis makes an important contribution to what is a 
relatively new area of wetland grassland conservation and scientific inquiry. As a new field of scientific 
inquiry, little has been previously published on what factors influence and constitute successful wetland 
grassland conservation and sustainable local livelihoods. 
 Limitations of the study 
Some of the limitations encountered during the data gathering process of the research posed limitations 
on the interpretation and applicability of research results. 
First, the scope of this research was deliberate and focused, but given that this was a PhD study, it was 
inherently constrained by time and resources. There are some areas of data collection and analysis that 
are not included due to time and resources constraints, such as the effects of changes in hydrology on the 
changes of habitat and biodiversity in the study area, and the effects of monoculture on the biodiversity 
in the wetlands. Second, the scope within the PMP was limited to just one biodiversity conservation 
demonstration project as a case study, which was challenging due to its remote location. Budget 
constraints did not make it possible to analyse more biodiversity conservation pilot projects. There were 
also several limitations during the fieldwork. One limitation was the language barrier. Within the villages, 
interviews with the local communities were held primarily in Khmer people using a translator. It is 
possible important messages were lost in translation. Another limitation was the limited national-level 
interviews conducted. Key stakeholders were identified but a lack of response in the time available did 
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not allow interviews to occur. Time and budget constraints also contributed to the inability of 
interviewing all target participants. Further insights from a national-level would have provided valuable 
perspectives. Also, within local case studies, questions about wetland management and grassland 
biodiversity conservation and exploitation often needed to be simplified due to the low awareness and 
education levels of locals, which in some instances only led to basic insights into certain topics. Third, 
there were some weaknesses in using BBN modelling where the reinforcing loops in the causal loop 
diagram (CLD) cannot be represented, which could potentially influence the results. However, it was not 
the intention of BBN to identify feedback loops, but rather to illustrate the causal influences of all the 
factors within the system in reference to the final goal. The methods presented in this thesis outline the 
steps taken to address these issues and support the validity and reliability of data collection and the 
analytical methods used. The thesis makes an important contribution to what is a relatively new area of 
wetland grassland conservation and scientific inquiry. As a new field of scientific inquiry, little has been 
previously published on what factors influence and constitute successful wetland grassland conservation 
and sustainable local livelihoods. 
 Future research  
Despite the limitations, it is considered that the study has provided new insights on the drivers of wetland 
loss and degradation, and the complex social-ecological factors affecting land-cover change in the 
Mekong Delta. The findings of the research in this thesis set the stage for further future research in the 
following areas.  
Firstly, the wetland grasslands are more species-rich and diverse than the rainforests. Any changes in 
hydrology, such as digging canals and dikes for land reclamation and protecting rice crops will likely 
change the water table and the flood or submergence conditions. Many studies have been conducted to 
evaluate and explore the correlation between wetlands vegetation and changes in water regimes. 
However, there have been no such studies carried out in the study area of this thesis. A comprehensive 
and full investigation of this relationship is required. Furthermore, in the context of climate change posing 
threats to the Mekong Delta, better information is needed about how land use changes impacts on the 
salinity and water quality on wetland vegetation communities. 
Second, agricultural practices have environmental impacts that affect a wide range of ecosystem services, 
including water quality, nutrient cycling, soil retention, carbon sequestration, and biodiversity 
conservation. However, research on the relationships between farmers and wetlands is almost non-
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existent in MD. Similarly, quantitative analysis of the impacts of agriculture on wetlands is limited, due 
to insufficient environmental monitoring. Therefore, the measures of ecological indicators such as: 
nitrogen, phosphorus, pesticide, irrigation, organic matter, energy, crop diversity, soil structure, soil 
cover and ecological structures, would allow the documentation of the changes over time in ecosystem 
services interrelated with agriculture, and how these ecosystem services have been affected by alterations 
in the agricultural sector in various spatial and temporal scales. 
Finally, social and ecological systems are linked, so more awareness programs are needed, focusing on 
all levels of the community in the study area, as people’s participation in conservation activities is 
comparatively low. Stakeholder involvement, including wetland-dependent communities and people 
generally, should be an integral part of any management program. Their interest in the wetland resources 
needs to be sustained through awareness campaigns and other eco-friendly activities. To prevent 
biodiversity loss and degradation, the local authorities need to propose plans to use public funding to 
improve the protection of biodiversity. However, there is comparatively little information on the potential 
values of biodiversity, as well as studies on the nature and biodiversity conservation in the MD. Without 
reliable information based on studies related to the potential benefits of biodiversity conservation, 
policymakers cannot answer the question of whether changes in current management practices will 
generate net social benefits. 
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 A historical review of the drivers of wetland degradation 
in the Mekong Delta of Vietnam  
Before 1600s to 1802: Early delta settlements and southward expansion 
The earliest known Mekong Delta (MD) settlements were concentrated in the Long Xuyen Quadrangle 
(LXQ) from 200 BCE (Figure S1). Commencing in the 12th century A.D., the Vietnamese began to 
migrate southwards out of the Red River Delta, forcibly occupying territories formerly controlled by the 
Cham and Khmer kingdoms (Son Nam, 1994). Villages were established by these migrants as the military 
frontier moved southwards down the central coastal plain and into the upper MD (Rambo, 1977). In 
another study, Biggs (2004) suggested that in the 1600s the Vietnamese and Chinese settlers from Bien 
Hoa migrated to the MD where land was still densely covered by swamps and forests. These settlers 
regarded themselves as pioneers, even though the delta was occupied at that time by Khmer and Cham 
people, and earlier had been the site of the Oc Eo: a Hindu civilization (Sanh et al., 1998; Son Nam, 
1994) from the early time of Funan (Miller, 2006). Most of the sparsely populated MD still remained 
under the nominal control of the Cambodian kingdom, while Siamese and Vietnamese settlers continued 
to clear land on the western and eastern frontiers of Cambodia (Son Nam, 1994).  
Wetland drainage began with the permanent settlement in the MD. The early canal building from the 
upper MD southwards was possibly used to shorten the route from Cambodia to the south coast 
(Brocheux, 1995). Using aerial photography, Paris (1931) discovered traces of human-constructed 
waterways crossing the western delta, which was confirmed later by a recent study (Sanderson, 2007). 
In the ancient world, the MD was an important halfway point for sailing ships traveling with the 
monsoons between India and China. The warehouses and naval stores were situated on the creeks 
alongside busy canals, which provided a sound footing for further cluster settlements that could survive 
floods (Dieu and Thao, 2012; Son Nam, 1994). In the 17th century, island-like Khmer trading ports and 
administrative outposts of the Khmer kingdom and Cham people characterized this part of the delta, 
whereas Khmer villagers lived in some of the richest, naturally irrigated alluvial regions (Biggs, 2005b) 
where they cultivated vegetables, tobacco and upland rice (Biggs, 2003; Son Nam, 1994). Chinese 
immigrants arrived in the delta in 1679 and started growing pepper and trading forest products on granted 
land in Ha Tien, which became an important commercial and political center by the late 1700s (Biggs, 
2003; 2005a; Son Nam, 1994). Despite the repeated invasions by the Siamese at Ha Tien (1705, 1717, 
and 1771) and the Tay Son civil war (1789-1802), from 1732, the Vietnamese kingdom continually 
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expanded its military presence to the south by establishing camps and military plantations, and eventually 
most of the delta yielded to Nguyen control (Biggs, 2003; 2005a; Son Nam, 1994). The Nguyen dynasty 
swiftly brought about the settlement of Vietnamese farmers and encouraged them to clear land for rice 
paddies that followed the riverbanks and creeks through the dense swampy forest and flood plains as far 
as the western edge of the delta (Miller, 2006), including part of present-day eastern Cambodia (Biggs, 
2004; 2005b; Brocheux, 1995; Taylor, 2001). The farmers were offered land concessions (Biggs, 2004; 
Son Nam, 1994) and agricultural tax exemption (Biggs, 2005b). From the time of early settlement, the 
Vietnamese adopted cultural and cultivation practices from the local Khmer, growing floating rice in the 
depressions characterized by annual flooding. In addition, when they migrated to new land to the south, 
they also introduced short rice and livestock, and used new cultivation methods by digging irrigation 
ditches to connect creeks and streams to bring in or drain water from short-term rice field (Biggs, 2003; 
2004). In 1803, the famine in the north of Vietnam forced thousands of migrants southwards (Biggs, 
2002). This massive migration opened up the era of the Great March South of Vietnam from the northern 
and central regions (Biggs, 2004; 2005b; Miller, 2006).The large number of northern settlers, with the 
backing from state authorities, established villages and rice paddy plantations along large rivers and 
creeks and newly dug canals (Rambo, 1977). This process gradually displaced the former Khmer and 
Cham occupants and profoundly changed the social demographics in the delta (Brocheux, 1995; Miller, 
2006). The Nguyen dynasty first modified the eastern part of delta in 1705 by digging a 21 km canal, 
named Bao Dinh, for military navigation, which in 1819 was widened and deepened, and a paved road 
was built along the canal banks (Biggs, 2004; Son Nam, 1994). 
1816 to 1836: Vietnamese public works expansion both eastward and westward  
It was not until the “southward progression” of the Vietnamese had promoted the development of 
waterways and infrastructure that the MD served as a trans-regional hub, allowing navigation from inland 
to the trading ports along the coastal region (Biggs, 2003; Brocheux, 1995; Dieu and Thao, 2012). 
Meanwhile, the middle and western parts of the delta remained intact and sparsely occupied. The Nguyen 
dynasty, after uniting the nation (1820), had consolidated its political authority by establishing militarily 
garrisons and farming communities on the acquired land (Biggs, 2004; 2005b). Given the continuing 
incursions of enemies from upstream and to prevent a land scramble from neighboring countries, the 
Nguyen constructed public works and re-landscaped the MD (Le Meur et al., 2005) to allow greater 
Vietnamese control of the Gulf Coast and to provide direct water routes to the river garrisons (Biggs, 
2005b) and to consolidate trading routes and administrative communication in the eastern delta (Biggs, 
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2003; Brocheux, 1995). The first two large canals project commenced in 1817 and were finished by 1824 
(Son Nam, 1994). An empirical archaeological study showed that the 40 km Thoai Ha canal was 
constructed by deepening and widening an existing channel, which facilitated settlement further in the 
hinterland and expanded transport routes to the coastal port at Rach Gia (Biggs, 2003; 2004; Son Nam, 
1994). The other 90 km Vinh Te canal (1819-1824) was dug for the dual purpose of demarcating the 
Vietnamese territory in the MD, preventing incursion from upstream, and encouraging Vietnamese 
settlement and water navigation towards the western frontier (Son Nam, 1994). The completion of the 
canal enabled new Vietnamese immigrants to migrate towards the coastal saltmarsh, clear the adjacent 
land along the banks and convert the wetland to rice cultivation (Biggs, 2003). 
The renovation of the Bao Dinh Canal in 1819 made it feasible to penetrate further eastwards into the 
Khmer territory and strengthened the expansion of trading routes and administrative communication in 
the eastern delta (Son Nam, 1994). This also signaled Nguyen sovereignty, who had territorial aspirations 
in the western delta (Biggs, 2003; Brocheux, 1995; Le Meur et al., 2005; Miller, 2006). The failure to 
spur settlement westwards to follow the new canals was likely explained by social unrest and spontaneous 
trespass by neighboring countries. The abandonment of new land and waterways was probably the 
consequence of settlers fleeing from fighting (Biggs et al., 2009). After pacifying the rebellions in 1836, 
the Nguyen attempted to intensify rice cultivation to curb famine and replaced the civil administrative 
system with a military one throughout the delta provinces (Biggs, 2004; Shannon and de Nijs, 2011). In 
the same year, a cadastral survey was conducted in the MD. Though the discrepancy in property inventory 
system, yet the survey recorded up to 308,385 ha mainly under exploitation for cultivation which most 
of land sited on alluvial banks of major rivers and creeks, except part of fallow land in (Biggs, 2004; 
2010). As well as the delta being a thriving hub for forestry product trading and the growth of Chinese 
trade, the modern canalization increased the importance of rice as a tradable commodity (Biggs, 2005b; 
Dieu and Thao, 2012; Son Nam, 1994) and rice cultivation had profoundly affected the social and 
demographic changes during the era Vietnamize the delta population. However, according to Biggs 
(2004), the newly excavated canals were mainly for navigation and military defense rather than drainage 
and irrigation and water control (Brocheux, 1995). 
1866 to 1936: Drainage and the opening up of the delta by France colonists - the era of “La Mission 
Civilistrarice” 
In the 1860s, a century after the Vietnamese migrants settled in the delta, the French established a colony 
in Cochinchina (south of Vietnam) (Biggs, 2004; Miller, 2006). The French colonists soon-declared its 
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“la mission civilstrarice” (Maspéro, 1929) to control the land (Cleary, 2005) to exploit and generate 
revenue for the colonial power (Barker and Molle, 2002). As with the Nguyen, French construction of a 
canal network was primarily for strategic purposes (Reis, 2012) and so began an era of the intensive and 
extensive drainage to open up the delta (Biggs, 2004). Historical studies revealed that the early 
excavation of canals along existing waterways and rivers was important for the colonial conquest in the 
Long Xuyen Quadrangle (LXQ) and Plain of Reed (POR) in 1886 (Biggs, 2003; 2004; Miller, 2006; 
Reis, 2012; Son Nam, 1994). After defeating the Vietnamese in 1867, the French had seized a loosely 
settled frontier and uncultivated swamp (Paige, 1978). Immediately, the Governor of Cochinchina 
ordered large-scale dredging and canal construction projects in the MD (Biggs, 2003; Brocheux, 1995). 
These early projects involved digging linking canals between the existing natural waterways to enable 
the navigation from the colonial metropolis of Saigon to the MD to accelerate access to the area of 
settlement (Biggs, 2003; 2004). After a few years, the French works faced the same problems of sediment 
accretion and siltation as the Vietnamese predecessors did and they grudgingly ceased the dredging in 
1880 (Biggs, 2004). In the second phase of dredging, the colonial power undertook a series of canal 
excavations, which were for the purposes of drainage, irrigation and converting swamps to rice paddies 
(Brocheux, 1995; Miller, 2006; Rambo, 1973; Reis, 2012; Son Nam, 1994). The colonial excavations 
involved mechanical dredging from 1894 to 1945 (Biggs, 2004; 2010; Brocheux, 1995). From this time, 
the Public Works engineers rapidly constructed large-scale “dense transect canals” in POR and LXQ, 
which connected the natural rivers with the Gulf of Thailand (Biggs, 2004) thus forming an 
interconnected rectilinear network of waterways throughout the delta (Brocheux, 1995; Hashimoto, 
2001). The Public Works engineers also wanted to convert “blank spaces” of delta among the grid canal 
networks into an endless horizon of rice, with some plantations comprising a thousand ha (Biggs, 2004). 
When the French first seized Cochinchina in the1860s, the lower part of the Western or lower MD was 
still largely covered by forests and swamps and only lightly populated (Biggs, 2003; Rambo, 1977). The 
allure of abundant virgin land that was easily brought under cultivation by individual peasant households 
inspired the colonial government to incessantly drain marshland on an enormous scale and open up the 
swamplands (Rambo, 1977). Although there are some discrepancies in the data collected, it was 
estimated from 1890 to 1930 the colony constructed than 100 canals, dredging 165-180 million m3 
(Biggs, 2002), resulting in more than 1,500 km of waterways and 2,500 km of auxiliary canals. 
Between 1880 and 1913, 3,000 km of inter‐provincial land routes had been dug (Nguyen, 1996), and the 
grid of waterways had dramatically expanded delta wide (Biggs, 2004; Marchand et al., 2014; Son Nam, 
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1994). Improvements in drainage techniques greatly affected wetland loss, and the use of steam dredges, 
instead of digging by hand, rapidly increased productivity, enabling up to 12 million m3 of soil to be 
excavated annually (Marchand et al., 2014). In addition, as the new canals expanded further to the more 
isolated part of the delta, they opened the way for both colonists and thousands of Vietnamese migrants 
to follow the dredgers to convert wetland to rice plantations even further away from the main channels 
by making ditches and dikes to their fields (Biggs, 2005b). Totally reliable figures are lacking, but from 
1881 to 1921, an average of 73,000 people a year moved in to reside along the new canals (Biggs, 2010). 
Consequently, this era of opening up the delta era produced another frontier boom of migrants making a 
new Great South March in the late 19th and early 20th centuries (Biggs, 2010; Miller, 2006). As a result, 
the population of well under 500,000 in 1869 increased to almost 4 million by 1930 (Biggs, 2004; Biggs 
et al., 2009; Rambo, 1977). The wetland was modified in different ways. Once mechanical dredging 
began, from 1880 to 1910, 5000 ha of forest were cleared each year (Biggs, 2010). Moreover, the millions 
of settlers used their traditional practice of cutting or burning forests to transform Melaleuca swamps and 
Eleocharis and Phragmites marshes into rice fields (Brocheux, 1995; Sneddon and Binh, 2001), so the 
actual loss was probably higher - a striking example being the disappearance of the entire Melaleuca 
forest in Can Tho province since 1910 (Biggs, 2004). According to Brocheux (1995), in just 50 years, 
over 80% of forests in the west of the delta were cut down and 1.4 million ha of land were drained 
(Brocheux, 1995; Callison, 1983). This combined effort by settlers and machines brought the total area 
under cultivation from 349,000 ha in 1879 to over 2,400,000 ha by 1929 (Biggs et al., 2009; Hickey, 
1964), which resulted in irreversible changes to the delta’s landscape, ecology and society (Biggs, 2004; 
de Nijs and Shannon, 2010; Miller, 2003; Shannon, 2009).  
The French colonial government launched a primary strategy of development in MD focused on military 
and navigation objectives. Within this scheme, agricultural production was largely neglected plan 
(Miller, 2006). By 1930, after more than 30 years of new waterway construction and opening up of the 
MD, the colonists realized that the watercourse could be used for both navigation and agricultural 
cultivation, so the strategy of reshaping the delta shifted towards agricultural industry development. The 
main focus during this new era was securing substantial increases in rice production through 
infrastructural development (Cleary, 2005) involving a grid of irrigation and drainage canals with large 
pumping stations and flood gates (Biggs, 2005a). The dredging was aimed at producing a more rigorous 
and micro-managed hydraulic system for enhancing intensive agriculture (Biggs, 2005a; Evers and 
Benedikter, 2009). Nonetheless, in order to remedy the past failures, the project resulted in the invention 
Nguyen Huu Hoang-2017         207 
 
of the polder model (Casier);  a dike system to protect paddy fields (Biggs, 2011b). Furthermore, the 
extension of the delta’s distributary network, along with rapid loss of forest from land clearing, greatly 
increased the number of catastrophic events, because the annual river flood became more rapid and 
unpredictable (e.g. large areas of crops were destroyed in devastating floods in 1923, 1929 and 1937, 
which were caused by the loss of buffering effect when an enormous area of dense tropical forest of 
Melaleuca cajuputi and Ecoecaria agallocha were destroyed while digging canals). The draining of 
swamp forest, and altering such a large part of the delta, caused significant deterioration of the delta’s 
ecology and had serious repercussions, forcing thousands to abandon their fields and caused social unrest 
(Biggs, 2004; Son Nam, 1994). The fall of French colonial regime by 1945 was in-large part a result of 
these social and environmental incidents. Instead of reshaping the MD landscape and draining the 
wetland to build an “endless horizon of rice”, the delta modification project brutally destroyed the 
ecology of the wetlands, leaving the delta as treeless horizons of “abandoned lands” (Biggs, 2004). 
1931 to 1953: Failure remedy of past waterway construction - the development of Scientific Casier 
model 
The global economic crisis in late 1930 coupling with ecological degradation after continually severe 
floods in 1920’s and 1930’s which caused massive crop losses in the delta wide. These consequences in 
combination with the failure of public works of previous French colonial policy-dredging and 
construction of waterway in MD had worsened the agricultural crisis. The French colonial government 
re-landscaped the MD by a fixing failure program of self-enclosed settlements, name “Scientific Casiers” 
or “Casier Tonkinoise” (Biggs, 2004; 2005b). The French hoped the build - up Casier Tonkinoise 
associated with immigration re-settlement would rapidly reshape the MD landscape into a chessboard 
model of Tonkin (the Northern people of Vietnam) and by that to improve agricultural productivity. 
Some of 750 families (approximately 3,800 people) from the North of Vietnam voluntarily moved in 
these new settlement types in 1944 (Biggs, 2010; 2011a). The project continued phase two in 1945 even 
with constraint from drought, only one third of land was cleared in the first phase (Biggs, 2004; 2010). 
Within nine years of war (1945-1954), along with the expansion of the bases controlled by anti- French 
colonization groups (Viet Minh and other religious groups), the water landscape was gradually split apart 
(socially and hydrologically) into separate water enclaves. Except some segments of the old water 
network in controlled zones by French was further enhanced and rehabilitated, most of waterworks were 
either sabotaged in order to restrict the French patrolling into the revolutionary bases, or deteriorated 
from war-induced neglect (Biggs, 2010). Even the old colonial dredging contract until 1951, however, 
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when the delta became a battle field, the excavation was ceased in 1939 (Biggs, 2004). Works on casier 
projects were stopped with fall of colonial government in 1945 and total land under cultivation decreased 
from 2.2 million ha (1928) to 1.85 million (Biggs, 2004). 
1954 to 1975: Delta-wide development under the American tutelage and war-torn damage  
After the French colony was totally ousted in 1954, Vietnam was split into two parts, with the South 
backed by the US. The delta again became a fierce battleground until 1975 and the hostilities were the 
key factor that contributed to wetland degradation, rather than dredging operations, which were not 
always successful. Furthermore, at the end of French regime, an immense wetland area was abandoned 
with a number of incomplete canal excavation projects. In order to protect the delta from insurgence and 
a scramble for land, the political priority of the government of the South was to expand settlements to 
the more isolated regions of the delta to reclaim wasted land by adopting a Casier-style resettlement 
system, similar to that proposed by the French (Biggs, 2010). The wetland destruction was enabled 
through a variety of legislative and policy instruments. One of these was the establishment of “agrovilles” 
or “strategic hamlets” in the “no man’s land” abandoned by the French colony to concentrate the rural 
population. As a result, in 1956, almost 8,000 people moved into 77,000 ha (out of the total 150,000 ha 
in LXQ) of newly cleared plots along recently dug canals, which rapidly increased to 42,427 people in 
the following year. The plan for resettlement covered the whole delta, including POR and the Ca Mau 
Peninsula, and 26,662 people moved onto 15,431 ha alongside the new watercourses in POR before the 
program ceased in 1963 (Biggs, 2010). The settlers practiced rice cultivation by digging tiles and open-
ditch drainage ditches intersecting with numerous “transverse” canals, so the delta became greatly 
fragmented into many barren and isolated “islands” (Biggs, 2004). On the other hand, the extension of 
waterways and expansion of cultivated program in “abandoned land” almost reached to the deadlock 
with a mass incomplete works until 1959 ensued from insurgent sabotage and war-torn deterioration of 
infrastructure which magnified annual flooding and destroyed many agricultural areas (Biggs, 2004; 
2005b). Over the whole delta, the settlers opened 2,989 ha from 1958 to 1960, and 2,723 ha from 1960 
to 1963 (Biggs, 2004; 2010). Having failed to develop a systematic understanding the whole delta, the 
Americans, along with international consultants, conducted a series of scientific studies. These comprised 
literature reviews and incorporated different sources of data, including conducting a spatial survey and 
data collection along the Mekong River to map the delta. The comprehensive study on the ecology of the 
wetland provided a foundation for integrated management of the delta at both local and regional scales, 
using “science and technology” to control and mitigate the natural phenomena as obstacles for the 
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extension and intensification of agriculture in the MD (Käkönen, 2008; Miller, 2006). The modernization 
of agriculture at the onset of “Green Revolution” involved the introduction of new technologies, 
including high yield varieties (HYVs) of rice, chemical fertilizers and pesticides, mechanized land 
preparation and portable diesel pumps (Miller, 2006; Vormoor, 2010). In addition to these changes, the 
dredging and draining of the delta was recommenced to control water flow in and out of the delta (Evers 
and Benedikter, 2009). However, the escalation of violence in the MD resulted in the failures to repair 
or extend the water network. Only 33.4 km of canal was dredged in Dong Thap in 1961, and other 1,300 
km of irrigation and ditches, 58 km of feeder canals were made to improve rice production in east of 
delta in 1968 (Biggs, 2004).The two striking examples of land reclamation on the western coast during 
this phase were the expansion of 1 million irrigated ha from 1968 to 1972 and the construction of a 
barrage (completed in 1972) to control the salinity for more than 5,000 ha (Biggs, 2004). 
War profoundly altered the physical landscape in the MD. When it comes to increasingly technical 
involvement and physical construction of the US in 1965, the dredging programs drastically expanded, 
through mostly for secluded military base projects and alongside new highways. In 1960’s, as the 
presence of US forces abruptly increased in the south of Vietnam, the MD landscape changed 
dramatically with the widespread excavation of canals and the construction of airstrips, highways, 
military camps (Biggs, 2004). From 1961, the wetland was also transformed during wartime through the 
use of chemical defoliants, causing extensive damage to swamp forest and other ecological losses. Of 
the total 800,000 ha of wetland in POR, 325,000 ha of forest was cleared or drained. Furthermore, 
herbicides and napalm bombings damaged an estimated 4.9 million ha of forest, of which, 124,000 ha of 
mangroves, and 27,000 ha of Melaleuca forests were lost (Binh et al., 2005; HCL, 1998; McElwee and 
Horowitz, 1999). 
1975 to the present: Closing off the delta after united nation 
After reunification in 1975, the economy of Vietnam has been plagued by enormous difficulties in 
primary production. Worse, the country's critical agricultural infrastructure had been badly damaged. 
The market economy was completely changed to a socialist planned economy characterized by 
agricultural collectivization and state-control of commodity production (Beresford, 1989; Fforde and de 
Vylder, 1996). Furthermore, from 1976 to 1980, the state policy designated a New Economic Zone 
(NEZ), which covered the MD (Hill, 1984). The new settlers were given financial incentives to settle and 
drain areas for crop production in different regions of the MD that had suffered degradation during 
wartime and had been excluded from regular agricultural cultivation (Hill, 1984; Kono, 2001). Large 
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areas in the POR, LXQ and Ca Mau Peninsula, hitherto excluded from regular agricultural use, were 
turned over to rice production. The statistics of local population and arable land in this period was 
superficial unclear. However, it was estimated that from 1976 to 1980, some 30,000 people moved into 
provinces in the Ca Mau Peninsula and cleared 86,000 ha of land for agriculture. By 1981, in the 
provinces of POR, 40,000 people were immigrants, and 30,700 ha of land was cleared, while 
approximately 101,000 ha of wasteland from wartime in LXQ was developed or rehabilitated (McElwee 
and Horowitz, 1999).  
Very little data on forest cover are available, but the relentless declines were documented in a number of 
reports: from 1975 to 1985, in LXQ 90% of forest was lost (from 40,000 ha to 4,000 ha) with an annual 
rate of 5,000 ha (Le, 1991; World Bank, 1995). Similarly, 85,000 ha of back mangrove swamps and 
111,450 ha of coastal mangrove were destroyed during 1976–1987 (Mai et al., 2005; World Bank, 1995). 
The trend in agriculture productivity was the opposite, with an incremental increase in cultivated land. 
However, rice became deficient after the disastrous flood swept over the MD in 1978, causing damage 
to crops and huge losses (Chu et al., 2010; Hoa  et al., 2007). In response to this famine in the delta, rice 
cropping has been expanded since the 1980s. The state has encouraged this land expansion in several 
ways. A series of state-funded projects to drain LXQ (Pham, 2003) and control salinity in the coastal 
delta (Hashimoto, 2001), were aimed at diversifying agricultural development and providing higher 
standards of living in the MD. Stoutendijk (1982) listed seven major reclamation schemes in the delta 
involving over 920,000 ha of floodplains and tidally inundated lands. The steadily increasing area of land 
available for agriculture and aquaculture in Vietnam since the introduction of “Doi Moi” (economic 
reform) policy in 1986 has come from draining (Hill, 1984) and converting many of the swampy marshes 
and forests of the western part of the MD to become shrimp ponds (Benthem et al., 1999; de Graaf and 
Xuan, 1998). The delta suffered more anthropogenic damage in the 1980s and early 1990s (Hashimoto, 
2001; Kono, 2001; Le Meur et al., 2005) when large-scale construction projects for draining wetland 
(Hoa et al., 2008) were undertaken to intensify rice production (Binh, 2010; Le et al., 2007; Miller, 2006; 
Truong and Nguyen, 2002) and aquaculture (Binh, 2010; Nhan et al., 2007; Trung et al., 2006). This 
development has been in line with the 1960s Mekong Delta Development Program (Biggs, 2004), with 
the objective being to “close off” the delta to floods and saline water intrusion in order to make farming 
systems less dependent on natural conditions and expand multiple cropping to former flood-prone and 
brackish areas, thus reversing the phase of “opening up the delta” (MRCS/WUP-FIN, 2007). The last 
major irrigation works were constructed in 2000 (Käkönen, 2008). By 2003, the delta was crisscrossed 
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by 11,000 km of primary and secondary canals (Hoa  et al., 2007). New saline intrusion and flood-
protection measures detailed in the “Mekong Delta Master Plan” were constructed, covering 10,000 to 
100,000 ha, respectively (Hashimoto, 2001). 
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Figure S1 The historical drivers of wetland loss and degradation in Mekong Delta, Vietnam 
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Participant Information Sheet 
Project Title: A study of the drivers of land use change in the Ha Tien Plain region of the 
Mekong Delta, Vietnam 
Researcher: Hoang Huu Nguyen (PhD Candidate at The University of Queensland) 
The purpose of the research project is to understand and assess the major processes and aspects 
of wetland grassland conservation in Ha Tien Plain, Kien Giang province, Vietnam.  
This research project will investigate the key socio-ecological and land use change drivers of 
wetland grassland conservation in Ha Tien Plain, Kien Giang, Vietnam, including exploring 
the key success drivers of grassland restoration within the pilot project of Sarus crane 
protection in Giang Thanh (former named as Phu My), by International Crane Foundation 
(ICF) and the loss of remnant wetland grassland in Hon Chong, Kien Giang province. The 
outcome of the research will be used to provide stakeholders with the comprehensive wetland 
grassland conservation practical framework and to make policy recommendation that will 
enhance and scale up the success of wetland grassland conservation and restoration activities 
in the future. The research will analyse the perspectives of various stakeholders and will 
undertake in-depth study at two wetland grassland conservation sites.   
You have been selected as local resident, scientist or public servant with knowledge and experience 
on and strong involvement in wetland grassland conservation activities in Ha Tien Plain, Kien 
Giang province. Other potential stakeholders have also been identified such as from local 
government officers, academician, local non-governmental organization, and representative 
from local communities. If you agree to participate, you will likely be asked to explain your 
own experiences and perspectives on wetland grassland conservation and restoration processes, 
aspects and success drivers. We will respect the confidentiality of this information, individual 
views will not be attributed to you in any materials produced by the research, unless with your 
explicit consent.  
I invite your participation in this project as a knowledgeable person to take part in an interview 
that would take up to about an hour. You would be invited to express your perspectives on the 
key socio-ecological aspects of wetland grassland conservation and restoration, including your 
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opinions concerning the key success drivers of wetland grassland conservation restoration 
within the case study of project in Giang Thanh (former named as Phu My) and the failures in 
Hon Chong. With your consent, it would normally be recorded to allow for reliable analysis of 
the information. 
To protect your interest, the following steps will be taken: 
- Participation in the study is voluntary and you may withdraw at any time if you so 
wish. If you withdraw after completing an interview, I will discard the interview 
records and will not use any of your information. 
- The detailed materials based on interviews will remain private to me, the 
researcher. I will not identify you within any views contained in any published 
material, unless with your explicit consent. I will also ask you whether or not you 
would like your name excluded or included in the acknowledgements pages of the 
report. 
Participants will also be provided with a chance to elect to receive feedback on the progress of 
the research project including access to the reports. 
This study adheres to the Guidelines of the ethical review process of The University of 
Queensland. Whilst you are free to discuss your participation in this study with project staff 
(contactable on +61 450 686 833 or h.nguyen26@uq.edu.au), if you would like to speak to an 
officer of the University not involved in the study, you may contact Dr. Bradd Witt, the Ethics 
Officer on +61 3365 6005; or bwitt@uq.edu.au. 
For further enquiries, my contact details are: 
Email: h.nguyen26@uq.edu.au 
Phone number: +61 450 686 833 
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Participant Consent Form 
 
Project Title: A study of the drivers of land use change in the Ha Tien Plain region of the 
Mekong Delta, Vietnam 
Researcher: Hoang Huu Nguyen (PhD Candidate)  
The University of Queensland 
 
1. I hereby agree to be involved in the above research project as a participant. I have read the 
research information sheet concerning to this research project and understand the nature of the 
research and my role within it.   
I also understand the steps that are taken to protect my rights to anonymity and the 
confidentiality of information regarding my personal perspectives. I am also aware of my 
freedom to withdraw from the interview at any time and without penalty.  
 
    
Signature 
Name: 
Date: 
2. I am willing to waive my right to anonymity by being identified in the acknowledgements 
pages of project reports where relevant: 
YES / NO 
3. I allow this interview to be recorded to allow for reliable analysis of the information. 
YES / NO 
3. I would like to receive information about the progress of this project including project 
working papers and reports: 
YES / NO 
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 Interview questions used to guide interviews 
1) Are you Kinh or Khmer? 
2) How long have you been settled in Phu My? And from where you were from? Why did you 
move in here? 
3) How much land do you own? What do you grow on this land? Do you legally own your land 
(with red book certificate)? If yes, when did you have the certificate? 
4) Do you know what type of land that you are owning? Please describe the vegetative 
condition before and after you own the land. 
5) What are you growing? Is rice cultivation or harvesting Lepironia grass your main income? 
What are the other incomes? 
6) What do you know about the Conservation Project? 
7) What are the goals of the conservation Project? 
8) Who is benefitting from the Project? Who is not benefitting? Why do you think this is?  
9) Have there been any conflicts since the Project began? How are conflicts resolved? 
10) Who does the wetland belong to? 
11) Are you still able to access the area that you and your family used to harvesting grass? 
12) What do you think are the strengths and weaknesses of the Project? 
13) What do you think the future of the Project is? What should be changed? 
14) Are you involved in the Conservation Project? If so, in what way? 
15) Is making mats a Khmer or Kinh tradition? 
16) Do you prefer expansion your rice field and stop harvesting grass for making mat? 
17) Is life in the village better after the Project began? 
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 Bayesian network for effective management of the Phu My Lepironia grassland 
conservation project 
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 Variables (nodes), states and information used to 
complete CPTs in the effectiveness BBN for 
My Lepironia grassland conservation project
SNo. Variable/node Definition States Information type* 
1 Grassland conservation  
Area in seasonal wetland which is 
covered with wetland vegetation 
under operation of Phu My project 
Yes, no Type 2 
2 Craft innovation  
Presence of absence of product 
innovation Lepironia handicrafts 
 
Yes, no Type 4 
3 Grass harvest technique 
Method of harvesting Lepironia 
grass 
Selective 
pull, 
cutting 
Type 2 
4 Rice production Total crop production High, low Type 1 
5 Awareness wetland value 
Degree of awareness among 
wetland community 
of importance of wetland 
conservation 
High, low Type 1 
6 Market demand Market price of Lepironia handicrafts  High, low Type 2 
7 Craft price Local market price of mats/handicrafts High, low Type 1 
8 Income from Craft Status of livelihoods based on cash income High, low Type 2 
9 Income from Lepironia 
Status of livelihoods based on 
harvesting Lepironia grass High, low Type 2 
10 Grass cash-based income 
Status of livelihoods based on cash 
income from harvesting grass and 
handicrafts 
Lepironia 
production, 
craft and 
mat 
Type 1 
11 Household income percent 
Income status based on livelihoods’ 
activities 
Lepironia 
and craft 
income, 
rice 
production 
income 
Type 1 
12 Food-based incomes 
Status of livelihoods based on food 
provisioning High, low Type 1 
13 Wetland conversion rate 
This refers to the demand of the 
locals either conversion of wetland 
to rice farms or retaining as 
grassland   
Conversio
n to rice, 
retaining 
grassland 
Type 2 
14 Sustainable grass harvest 
This refers to the anticipated the 
sustainability of Lepironia resource 
to the locals 
Yes, no Type 4 
15 Illegal access restricted area 
Corresponds to the likeliness of the 
locals to access the restricted area 
for harvesting Lepironia grass  
Yes, no Type 2 
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through 
FGD 
16 Wetland health 
This variable denotes the 
operational effectiveness of the 
project and the local activities to 
the wetland health 
High, low Type 4 
Best 
judgement; 
expert 
opinion 
17 Lepironia yield This variable corresponds to the estimate volume of Lepironia grass High, low Type 2 
Stakeholder 
elicitation 
through 
FGD 
*Information Type 1: raw data collected by direct measurement (i.e. survey data or records); 
Information Type 2: raw data collected through stakeholder elicitation; Information Type 3: 
output from process-based models calibrated using raw data collected by direct measurement; 
Information Type 4: academic “expert” opinion based on theoretical calculation or best 
judgement. 
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 Preliminary BBN for operational effectiveness of the Phu My Lepironia grassland 
conservation project 
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